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SUMMARY Qn? 4^ 

The hydrodynamic variables behind the primary and reflected shock waves 
have been calculated for shocked gas temperatures up to 100 000° K in argon and 
40 000° K in nitrogen. The initial pressure ranged from 10-6 to 1 atmosphere. 
Single ionization of atomic nitrogen was assumed in the calculations of the 
thermodynamic properties of nitrogen. 


INTRODUCTION 

With the advent of the combustion and the electrically driven shock tubes , 
extremely high shock wave velocities are now obtainable in the laboratory, 
thereby producing very high test gas temperatures. However, to fully utilize 
this hot gas for research purposes, the hydrodynamic variables behind the pri- 
mary and reflected shock waves have to be known. The purpose of this report is 
to present these variables for high shock velocities in pure argon and pure 
nitrogen in thermodynamic equilibrium. These two gases were chosen for the 
following reasons. The behavior of nitrogen at high temperatures is similar to 
that of air, in that both major constituents of air first dissociate and then 
ionize. Therefore nitrogen is commonly used as a test gas to eliminate the ad- 
verse problems connected with oxidation. Use of pure nitrogen has the further 
advantage that it permits the study of the effects of dissociation without con- 
sidering simultaneously the effects of several other chemical reactions. Sim- 
ilarly, by using argon gas, effects of ionization reactions may be studied in- 
dependently of the effects of other reactions. Also, because of the higher 
molecular weight of argon, higher shock wave velocities are obtained in shock 
tubes using argon as the driven gas than in those using air for the same initial 
conditions. 

The argon calculations were made using the graphs of reference 1, wherein 
the thermodynamic properties of argon are presented for temperatures up to 
100 000° K and pressures up to 10^ atmospheres. 

The thermodynamic properties required for calculating the shock wave prop- 
erties of nitrogen were computed along with the hydrodynamic variables. The 
temperature limit was taken as 40 000° K with no limit on the pressure. The 
ideal-gas enthalpies needed in the calculations were taken from reference 2 for 



the molecular nitrogen and reference 3 for atomic and ionized atomic nitrogen. 

The only ionization assumed in the calculation was single ionization of atomic 
nitrogen. For this reason, the calculations are expected to he less accurate 
at the higher temperatures. The temperature at which the inaccuracy begins 
depends on the initial pressure. For example, for an initial pressure of 10“^ 
atmosphere, single ionization behind the primary shock wave is complete (and 
double ionization becomes significant) when the primary shock temperature 
reaches 21 000° K (corresponding to M s > 28). (Symbols are defined in appen- 
dix A.) For higher initial pressure, higher temperatures and correspondingly 
higher Mach numbers are obtainable before single ionization is complete. Both 
the dissociation and ionization equilibrium constants required in the nitrogen 
calculations were taken from reference 3. 

References 4 and 5 also calculate the hydrodynamic variables behind normal 
shock waves in nitrogen and argon. The results presented herein differ from 
those of reference 4 in the following respects: 

(1) The thermodynamic properties used in reference 4 assume that the nitro- 
gen dissociation and ionization reactions are independent, while this report 
assumed that dissociation and ionization occur simultaneously. Reference 4, 
however, does take into account the double ionization of atomic nitrogen atom, 
N ++ , and therefore should be more applicable at the higher temperatures than the 
results presented herein. On the other hand, at the high pressures where there 
is a large overlap of the dissociation and single ionization reactions, the 
results presented herein should be more applicable. 

(2) The results for the hydrodynamic variables are nondimensionalized in 
reference 4 with their ideal-gas values, but in this report they are nondimen- 
sionalized with their values ahead of the primary shock wave. The latter pre- 
sentation is somewhat more convenient, in that no ideal-gas calculations need be 
made. 

(3) The results in this report are presented in both tabular and graphical 
form. Because of the aforementioned differences (especially the first), the 
nitrogen data presented herein should be useful despite prior publication of 
reference 4. 

Reference 5 presents the hydrodynamic variables behind normal shock waves 
in argon for temperatures up to 20 000° K at initial pressures of 0.1, 1, and 
10 millimeters of mercury and an initial temperature of 300° K. These calcula- 
tions were limited to single ionization. This report may be considered an ex- 
tension of the previous results for temperatures up to 100 000° K for a wider 
range of initial pressures (l0~ s to 1 atm), and for multiple ionization. 


Theory 

The equations used for calculating conditions behind the shock wave in 
nonideal gases are derived in a manner similar to that of references 6 and 7. 

In the following derivations the subscript 1 refers to the initial condi- 
tion ahead of the primary shock wave, the subscript 2 refers to conditions 
behind the primary shock wave, and the subscript 5 refers to conditions behind 
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the primary shock wave after reflection from a closed end wall in a shock tube. 
^ This notation is depicted in the following sketch: 


© 

/s/N/N/'V/s 

1 

© 


'^Primary shock wave 

© 

t 

/yww 

© 


^Reflected shock wave 


A shock front moving with velocity U s into a quiescent gas will impart 
a velocity Ug to the gas and will produce a density, pressure, and temper- 
ature p2> P 2 > an d ^2 determined by the following conservation relations and 
the equations of state: 

Conservation of mass: 



P 2 (u s - «2> - PlUs 

(1) 

Conservation of momentum: 

*>2 " 

Pi " Pl U s - P2< U S - D 2> 2 

(2) 

Conservation of energy: 

| (U s - U 2 ) 2 + h 2 = | U 2 + hq 

(3) 

Equation of state: 

p = pZRT 

(4) 

From equation (4), since Z-j_ 

= 1, 


P2 

- Pi = P2 Z 2 RT 2 ‘ P 1 Z 1 RT 1 

(5) 

P2 

- PI = Pl(^ Z 2 RT 2 * ®l) 

(6) 

From equation (l), however, 

P 2 U S 

(7) 


Pi u s - u 2 
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Substituting equation (7) in equation (6) gives 


/u z 2 rt 2 \ 
p 2 “ P 1 = Pi - RT lJ 


From equations (7) and (2) 


( 8 ) 


p 2 " p l = p l U l 


p 2 - p l = Pl U ^ 


- P 2 J 


P x v U s 




p 2 " P 1 “ p l U s U 2 


( 9 ) 

( 10 ) 

( 11 ) 


Equating equations (8) and (ll) results in 


UoZoRTo 

U U 9 = TT - TT - RT, 
s 2 U s - U 2 1 


From equation (3) 


U s = 


h 2 - hq + \ U§ 

U 2 


( 12 ) 


(13) 


Substituting equation (13) into equation (12) yields, after algebraic manipu- 
lation, 

U 2 + 2u| (Z 2 RT 2 + RTq) - 4(h 2 - h x ) 2 + 4(h 2 - hq)(Z 2 RT 2 - RTq) = 0 (14) 

Therefore, 

U 2 = - (Z 2 RT 2 + RT-l) +Y(Z 2 RT 2 + RT X ) 2 + 4(h 2 - h x ) 2 - 4(h 2 - h 1 )(Z 2 RT 2 - RT X ) 

(15) 

2 

Substituting ZqRTq = f 1 and = £? = Tl - results 

Tl hi-, K T n - 1 


:s in 


^2 _ / z 2 RT 2 _ 1 _\ 

a| vi z i RT i n J 
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Dividing equation (13) "by aq gives the shock Mach number 


h 2 

»s 1>1 hi ' 1 + l U 2 

a 2 U 2 2 a l 
1 a n 


M„ = — = — =■ 


5®. ! 

1 h l + 1 U 2 


r-L - 1 U 2 2 a x 


O 

From equation (ll) and a^ = TqP-|_/p] 


P 2 Pi 

— = 1 + — U„Uo 
Pq Pq S C 


= 1 + Y". 


u c u. 


s u 2 


1 2 
a l 


The density ratio is found from equation (4) 

P2 _ £2 T 1 

Pi " Pi zyr 2 


(17) 


(18) 


(19) 


o 

Equation (16) gives Ug as a function of Z 2 , T 2 , h 2 , and the initial con- 
ditions. If the shock velocity is low such that the gas can be considered an 
ideal gas (Z 2 = l) , then the enthalpy h 2 is a linear function of temperature. 
Therefore, T 2 and consequently h 2 can be specified and U 2 , M 2 , p 2 , and p 2 
calculated using equations (16) to (19) , respectively. However, if the shock 
velocity is high enough such that the internal degrees of freedom of the gas 
particles are excited and dissociation or ionization occur, then the gas enthal- 
py h 2 is no longer a linear function of temperature, and equations (l6) to 
(19) have to be solved using real-gas thermodynamic properties. 


Reflected Shock Wave 

The aforementioned equations for conditions behind the primary shock wave 
can be easily rewritten in terms of conditions behind the reflected shock wave. 
For the reflected shock wave, the equation analogous to equation (16) is 
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The pressure ratio is given by 

P 5 _ h 5 - h 2 + | U| 

p 2 Z 2 RT 2 

The density ratio is given hy 

P 5 _ P5 Z 2 T 2 
P 2 P 2 Z 5 T 5 

and the reflected shock velocity is 



( 21 ) 


( 22 ) 


(23) 


Procedure 

The primary and reflected shock hydrodynamic variables were calculated for 
an initial temperature T]_ of 300° K and initial pressure p]_ ranging from 
10“6 to 1 atmosphere. The procedure was to pick the temperature Tg behind the 
primary shock wave and calculate all other unknown variables for each given 
initial pressure. For the primary shock wave the iteration procedure was as 
follows. A value for the pressure p^> behind the primary shock was first 
assumed. With T 2 and pg specified, the thermodynamic variables Zg and h 2 
were taken from the thermodynamic charts in reference 1 for argon and calculated 
by the procedure outlined in appendix B for nitrogen. Then Ug/a^, M s , P;?/P]_> 
and Pg/Pi were calculated using equations (16) to (19), respectively. If the 
value of the assumed p 2 did not agree to within 0.1 percent with the calcu- 
lated value for p 2 , another value was assumed and the process repeated until 
they did agree. 

The temperature T 2 was chosen in increments of 1000° K beginning at 
2000° K. The upper limit on the temperature was 100 000° K for argon and 
40 000° K for nitrogen. The pressure p 2 was limited to 10^ atmospheres for 
argon. 

After the conditions behind the primary shock wave were found, the condi- 
tions behind the reflected shock wave were calculated. The procedure was to 
assume a value for the enthalpy behind the reflected shock I 15 and calculate 
the reflected shock pressure p^ using equation (21). Next the thermodynamic 
variables Z 5 and T 5 corresponding to p^ and the assumed enthalpy h^ were 
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found. For argon, Zg and T5 were taken from the thermodynamic charts of 
reference 1. For nitrogen, Z 5 and T 5 were found by iterating using p 5 , the 
‘assumed enthalpy, and the equations in appendix B. Once Z 5 and T5 were 
found, equation (20) was used to compute [JU5 - UgJ/aJ^. The correct reflected 
shock conditions correspond to U5 = 0. Therefore, if the ratio (U5 - U2 ) /aq 
was not within 0.1 percent of Ug/aq, another value of h.5 was assumed and the 
process repeated. The upper limits on the temperature and pressure for the 
reflected shock wave were the same as for the primary shock, namely, 100 000° K 
for argon and 40 000° K for nitrogen with pressure P5 limits of 10 4 atmo- 
spheres for argon. The argon calculations were performed using a desk calcu- 
lator, while the calculations for nitrogen were done on an IBM 7094 computer. 
The constants required for the calculations are given in table I. 


RESULTS AMD DISCUSSION 

The hydrodynamic variables behind the primary and reflected shock wave are 
presented as a function of the primary shock Mach number in figures 1 to 12 for 
both argon and nitrogen and also in table II for nitrogen. In the figures, the 
curves were drawn through all calculated data points. Some of the minor 
wriggles in the curves for argon may be due to inaccuracies in the thermodynamic 
properties used for argon, which were read as accurately as possible from the 
graphs presented in reference 1. A few percent error could result from this 
reading. 

In figures 2(b), 3(b), and 5(b), only one curve is drawn for the pressure, 
enthalpy, and velocity ratio, respectively, behind the primary shock wave in 
argon because there was no significant effect of initial pressure for these 
ratios. 

The accuracy of the aforementioned results depends primarily on the ac- 
curacy of the data on the thermodynamic properties. In the calculation of the 
thermodynamic properties (both in ref. 1 for argon and in this report for 
nitrogen), inaccuracies arise from the neglect of the interparticle force and 
the method by which the sum over the energy states in the partition function is 
terminated. (The assumption that the gas is a mixture of perfect gases implies 
that the interparticle force is negligible.) Reference 1 discusses these two 
assumptions for argon and concludes that, except for extremely high densities, 
the percent error introduced should be small. Similarly, it is expected that 
the percent error introduced from these two assumptions would be small for the 
nitrogen thermodynamic properties. 

In addition to the previous assumptions, the thermodynamic properties of 
nitrogen were calculated by neglecting ionization of Ng and N + . Since the 
inclusion of these reactions may be thought of as energy sinks, the calculated 
shock temperatures are probably too high at the highest shock Mach numbers. It 
is estimated, however, that the inclusion of these reactions would affect the 
results presented by less than 10 percent (generally by much less than this) for 
the primary shock Mach numbers less than 26. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, April 5, 1965. 
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appendix a 


SYMBOLS 

a velocity of sound, ft /sec 

Cp specific heat at constant pressure, cal/(mole) (°K) 
Dn dissociation energy of molecular nitrogen, cal/mole 
ideal-gas enthalpy of i ^ constituent, cal/mole 
h enthalpy of gas, cal/mole 

Ijj ionization energy of atomic nitrogen, cal/mole 
Kj) dissociation equilibrium constant, cal/mole 
K ionization equilibrium constant, cal/mole 
M molecular weight of gas, g/mole 

molecular weight of i^ constituent, g/mole 
M s shock Mach number 

N^ number of moles of i^* 1 constituent 

N q number of moles originally present 

Nrp total number of moles present 

p pressure, atm 

R universal gas constant, (cu cm) (atm) /(mole) (°K) 

T temperature , °K 

U velocity, ft / sec 

Ur reflected shock velocity, ft/sec 

* 

mole fraction of constituent 

Z compressibility factor 

a degree of dissociation 

(3 degree of ionization 

T isentropic exponent 
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p # density of gas^ g/cu cm 
Subscripts: 

e refers to equilibrium conditions 

e~ refers to electron 

N refers to neutral atomic nitrogen 

N + refers to atomic nitrogen ion 

refers to molecular nitrogen 
s refers to primary shock wave 

1 conditions ahead of primary shock wave 

2 conditions behind primary shock wave 

5 conditions behind reflected shock wave 


APPENDIX B 


EQUATIONS FOR OBTAINING COMPRESSIBILITY FACTOR Z AND 
ENTHALPY H OF NITROGEN GAS 

It is assumed, that the gas is a mixture of ideal gases and that ionization 
occurs only to atomic nitrogen species. Therefore, the only chemical reactions 
occuring are 


No 2 2N 
N X N + + e" 

At equilibrium, the following relations hold where p g = p N+ 


p N 

— = K n 
PN d 

2 

(Bl) 

p e- p N + _ P N+ _ Y 
P N P N 1 

(B2) 

p = PN 2 + p N + p N+ + p e- 

(B3) 

= p Ng + P N + 2p N + 



where Kp and Kq are the dissociation and ionization equilibrium constants, 
p the total pressure of the gas, p^ , Pjj, Pjj+j an( ^ Pe- are the P ar tial 

pressures of Ng, N, N + , and the electrons, respectively. Solving equation 
(Bl) for p N ^ and equation (B2) for p N + and then substituting in equation 

(B3) results in, after simplification, the following fourth-order polynominal 
in p N : 


P N + 2K D P N + P^D^ 1 " ~ P N K^(2p + 4Ki) + p 2 Kp = 0 (B4) 

For a given temperature and pressure, equations (B4), (B2), and (Bl) may 
be solved for p N , p N+ , and p^ . Then the mole fraction can be calculated 
from 2 


X N = "tp % 2 = ~r=r> X N + = X e" = 


’N 2 


P N+ 


The molecular weight is (neglecting the electron mass) 

M = X w M n + X N+ M K + % 2 % 2 


(B5) 


(B6) 


10 



The compressibility factor is 


M- 


Z = 


N 2 

M 


(B7) 


and the equation for the enthalpy is 
h = X K 


+ %2 H N2 + Xn + (h N + + | DN 2 + In) + X e “H e - 


Substituting X e - = Xjj+ and H e - = — RT 

2 


(B8) 


Ci \ 

h = X N 2 Hw 2 + X n(% + \ % 2 ) + X N+(%+ + \ d N 2 + % + | RT ) ( B9 ) 


where Djj is the dissociation energy of N 2 and 1^ is the ionization energy 
of N. The ideal-gas enthalpy for molecular nitrogen Hjj was taken from ref- 
erence 2, and the ideal-gas enthalpies H N and H N+ along with the dis- 
sociation and ionization equilibriums Kp and Kq were taken from reference 3. 

In the temperature regions where either one of the chemical reactions can 
be considered negligible, that is, at the temperature where p ~ 0 and the 
higher temperature where a ~ 1, the equations for the compressibility factor 
and the mole fractions may be found as follows: 

Consider the two chemical reactions occurring in the gas 

N % 2N 


N 2 I + + e" 


If originally there were Nq moles of nitrogen molecules, the degree of dis- 
sociation a is 


a 


N 0 " % 2 
NO 


(BIO) 


where Njj is the number of moles of molecular nitrogen present. Therefore, 

Nn 2 = N 0 (l - a) 

and the number of moles of atomic nitrogen present is 


~ 2ccNq 


Now if originally there were 
of ionization would he 




moles of atomic nitrogen present, the degree 


P = 


\ ■ % 


N, 


on 


li 



Therefore, the number of moles of atomic nitrogen Kjj is 

% = n 0n (i - 0) 

Since the only source of nitrogen atoms is from the dissociation of molecular 
nitrogen. 

W 0 W = 2aW 0 

Therefore, 

% = 2aN 0 (l - 0) 

= ^e - = 2< ^oP 

where is the number of atomic nitrogen ions and is the number of 

electrons present in the gas. 

The total number of moles present is 

N T = % 2 + % + % + + N e“ 

= Nq( 1 + a + 2a0) 

Therefore > the compressibility factor is 


z = 1 + a + 2a(3 


and the mole fractions are 


% 



i 


- a 


Z 


V N N 2(1 - 0) 

X H Nj z 


V = X e- 


N , 

N + _ 2a0 
n t " Z 


With the mole fraction, the enthalpy may be calculated using equation (B9). 

In the previous equations, a and 0 may be found from the law of mass 
action by considering each reaction separately. Then 


a = 


0 = 



which are functions of temperature and pressure only. 
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TABLE I. - VALUES OF CONSTANTS USED IN CALCULATIONS 

Constant Gas 

Nitrogen Argon 

Dissociation energy, cal/mole 225 250 

Enthalpy of gas ahead of primary shock wave, h i; cal/mole 2084 1490 

Ionization energy of atomic nitrogen, 1^, cal/mole 335 430 

Molecular weight, g/mole 28.016 39.944 

Temperature ahead of primary shock wave, T^, °K 300 300 


Isentropic exponent ahead of primary shock wave, y. 


1.4 


1.667 



TABLE XI. - HYDRODYNAMIC 
(a) Initial pressure. 


Primary shock 


Temper- 

ature, 

°K 

Compress 

ibilitj 

factor 

z 2 

5- 

Mole fraction 

Pressure 
rat! o, 

p 2 /p a 

Density- 

ratio, 

p 2 /pi 

Enthalpy 

ratio. 

Particle 
speed to 
initial 
sound speed, 

V a l 

Mach 
number , 

Ms 


% 


3000 

1*0008 

00 

5.1 548-04 

4.4586-06 

6.5968 

01 

6.5956 

00 

1. 169E 

01 

6.274F 

00 

7. 39SF 

00 

3500 

1.004E 

00 

7.445E-03 

2.9018-05 

0.123E 

01 

6.9388 

00 

1.41 IE 

01 

7.0046 

00 

8. IR3F 

on 

4000 

1-0258 

00 

4.8166-02 

1.2186-04 

1.0766 

02 

7.8778 

00 

1 . 81 76 

01 

8.1558 

00 

9.3418 

00 

<*500 

l.ICbE 

00 

1.9426-01 

3.7226-04 

1.6756 

02 

1 .0086 

01 

2.7158 

01 

1.0356 

01 

1.1496 

01 

500C 

1-3158 

00 

4.7708-01 

8.7576-04 

2.6816 

02 

1 .2238 

01 

4.2288 

01 

1. 324F 

01 

1.441F 

ni 

5500 

1.6378 

00 

7.7318-01 

1. 8088-03 

3.6796 

02 

1 .2268 

01 

5. 7698 

01 

1.5518 

01 

1 .689F 

01 

6C0C 

1.6618 

00 

9.2628-01 

3.5106-03 

4.2176 

02 

1 .1218 

01 

6.6468 

01 

1 . 6548 

01 

1 .81 66 

01 

6500 

1.9608 

00 

9.6998-01 

6.6436-03 

4.4486 

02 

1.037E 

01 

7.0518 

01 

1.6926 

01 

1.073E 

oi 

7000 

2.0168 

00 

9. 7066-01 

1.2426-02 

4.5938 

02 

9.7668 

00 

7.3186 

01 

1. 7146 

01 

1 . 91 OF 

01 

7500 

2.0448 

cc 

9.526E-01 

2.2908-02 

4.7496 

02 

9.2938 

00 

7.5998 

01 

1. 7388 

01 

1.9406 

01 

8000 

2.0708 

00 

9.3Q6E-01 

3.4458-02 

4.9068 

02 

8.8B7E 

00 

7.0816 

01 

1. 7628 

01 

1.9858 

01 

850C 

2. 1338 

00 

8.7406-01 

6.2528-02 

5.1716 

02 

8.5578 

CO 

8.3358 

01 

l. 0046 

01 

2.043F 

01 

9000 

2.2346 

00 

7.9028-01 

1.0498-01 

5.5248 

02 

8.2418 

00 

8.9328 

01 

1.860F 

01 

2. 1 17F 

01 

95C0 

2.3868 

00 

6. 760E-01 

1.620E-01 

5.9586 

02 

7.8836 

00 

9.674E 

01 

1.9256 

01 

2.206F 

01 

1Q00C 

2.5986 

00 

5.3958-01 

2.3028-01 

6.4376 

02 

7. 4338 

00 

1.0526 

02 

1.9936 

01 

2.3038 

01 

1 0500 

2. 8638 

00 

3.9708-01 

3.0156-01 

6.9028 

02 

6.807E 

CO 

1. 138F 

02 

2. 05 IE 

01 

2.4008 

01 

11000 

3.1538 

00 

2.6876-01 

3. 6578-01 

7 . 29 1 E 

02 

6.307E 

00 

1.215E 

02 

2.092E 

01 

2.486F 

01 

11500 

3.420c 

00 

L. 6978-01 

4.1518-01 

7. 5716 

02 

5.7766 

00 

1.2776 

02 

2. 1138 

01 

2.5S6E 

01 

12000 

3.6268 

00 

1.0318-01 

4.4056-01 

7. 7518 

02 

5.3446 

00 

1.3236 

02 

2.1206 

01 

2.6O0E 

01 

12 500 

1-7728 

00 

6.0388-02 

4.6986-01 

7.8656 

02 

5.0046 

00 

1.3568 

02 

2.1196 

01 

2.6408 

01 

13000 

3.8636 

00 

3. 5468-02 

4.0238-01 

7.9376 

02 

4.7426 

00 

1.3818 

02 

2.114F 

01 

2.6798 

01 

1350C 

3.9176 

00 

2.1196-0 2 

4.8948-01 

7.9868 

02 

4.5316 

00 

1.401E 

02 

2. 1076 

01 

2.704F 

01 

14000 

3.9496 

00 

1.2958-0 2 

4.9356-01 

8.0248 

02 

4.354E 

CO 

1.4106 

02 

2.100E 

01 

2 . 7266 

01 

1 4 50 C 

3.9686 

00 

0.1006-03 

4.9596-01 

8.0556 

02 

4 .2006 

CO 

1.4336 

02 

2.0928 

01 

2.746F 

01 

15000 

3.9798 

00 

5.17C6-03 

4.974E-01 

8.0828 

02 

4.0626 

00 

1.4476 

02 

2.0858 

01 

2.766F 

01 

1550C 

3.9876 

00 

3. 3546-03 

4.9836-01 

0.1088 

02 

3.9376 

00 

L . 46 IE 

02 

2. 0778 

01 

2. 785E 

01 

16000 

3.9916 

00 

2.2006-03 

4.989E-01 

8.1336 

02 

3.8216 

00 

1.4 74E 

02 

2.0708 

01 

2.0O3F 

01 

1650C 

3.9946 

00 

1.5066-03 

4.9928-01 

8.1578 

02 

3.713E 

CO 

1.4076 

02 

2.062E 

01 

2.8226 

01 

17000 

3.9966 

00 

1.0508-03 

4.9958-01 

8.1816 

02 

3.613E 

00 

1.5008 

02 

2.055E 

01 

2.841E 

01 

1 7500 

3.9976 

00 

7.4478-04 

4.9966-01 

0.2056 

02 

3.5196 

00 

1.5136 

02 

2.04 n. 

01 

2.0608 

01 

laooc 

3.9986 

oc 

5. 3738-04 

4.9976-01 

8.2286 

02 

3.4306 

00 

1.5266 

02 

2.0396 

01 

2.8788 

01 

18500 

3.9986 

00 

3. 9406-04 

4.9986-01 

8.2516 

02 

3.3468 

CO 

1.5396 

02 

2.0328 

01 

2.897F 

01 

19000 

3.9998 

GO 

2.9346-04 

4.9998-01 

8.2758 

02 

3.2676 

00 

1.5526 

02 

2. 0248 

01 

2.91 7E 

01 

19500 

3.9996 

00 

2.2176-04 

4.9998-01 

8.2988 

02 

3.1926 

00 

1.565E 

02 

2.0166 

01 

2.936F 

01 

2000 C 

3.9998 

00 

1.6908-04 

4.9998-01 

8.3218 

02 

3.1218 

cc 

1.5786 

02 

2.0098 

01 

2. 9566 

01 

20500 

3.9996 

00 

l. 318E-04 

4.9996-01 

8.3448 

02 

3.0536 

CO 

1 . 59 IE 

02 

2 . 00 IE 

01 

2.975F 

01 

21G0G 

4.0006 

00 

1.0356-04 

4.999E-01 

0.3676 

02 

2.9898 

CO 

1.6038 

02 

1.993E 

01 

2.995E 

01 

21500 

4. 0008 

00 

8.2148-05 

5.0006-01 

8.3906 

02 

2 .9276 

oc 

1.6168 

02 

1 . 985 E 

OL 

3.01 56 

01 

22000 

4.000E 

00 

6.5098-05 

5.0006-01 

0.4136 

02 

2.8686 

00 

1.6296 

02 

1.977E 

01 

3.036E 

01 

22500 

4.0C0E 

00 

5.3368-05 

5.0006-01 

8.4366 

02 

2.8126 

00 

1.6426 

02 

1.9696 

01 

3.056F 

01 

23000 

4.0008 

00 

4.3568-05 

5.0008-01 

8.4596 

02 

2.7586 

CQ 

1.6548 

02 

1.961E 

01 

3.077F 

01 

2350C 

4. 0006 

00 

3.5878-05 

5.0006-01 

0.4816 

02 

2.7076 

CO 

1.667E 

02 

1.9536 

01 

3.09RF 

01 

24000 

4.0006 

00 

2.974E-05 

5.0006-01 

8.5046 

02 

2.6506 

CO 

1 . 6008 

02 

1.945F 

01 

3.1198 

01 

24 500 

4.0C06 

00 

2.4736-05 

5.0006-01 

8.5266 

02 

2.6106 

00 

1.693E 

02 

1.937E 

01 

3. 1406 

01 

25000 

4.0006 

00 

2.0698-05 

5.000E-01 

0.5496 

02 

2.5656 

00 

1.7058 

02 

1.9298 

01 

3. 1626 

01 

25500 

4.0006 

00 

1. 7406-05 

5.0006-01 

8.5716 

02 

2.5216 

00 

1.7188 

02 

1.9216 

01 

3.1846 

01 

26C0C 

4.0CCE 

00 

1.4738-05 

5.0006-01 

8.5948 

02 

2.4796 

CO 

1.731E 

02 

1.9138 

01 

3.2068 

01 

2650C 

4.0006 

00 

1.2538-05 

5.0006-01 

8.6166 

02 

2 .4398 

00 

1. 7446 

02 

1.9046 

01 

3.2206 

01 

27000 

4.0008 

00 

1.0738-05 

5.0006-01 

8.6396 

02 

2.4006 

CO 

1.7568 

02 

1.8968 

01 

3.25 IF 

01 

2 7 500 

4.0006 

00 

9.231E-06 

5.0006-01 

0.6618 

02 

2.3626 

00 

1 . 7698 

02 

1 .888E 

01 

3.2748 

01 

28G0G 

4.0006 

00 

7.9916-06 

5.0008-01 

0.6838 

02 

2.3268 

00 

1.7828 

02 

1.879F 

01 

3.2978 

01 

28500 

4.0C08 

00 

6.9558-06 

5.000E-01 

8.7068 

02 

2.2916 

00 

1.794E 

02 

1.8718 

01 

3. 320F 

Oi 

29000 

4.0006 

00 

6. 0836-06 

5.000E-01 

8.7288 

02 

2.2578 

CO 

1.8078 

02 

1.0628 

01 

3.3446 

01 

29500 

4.0006 

00 

5.3506-06 

5.0006-01 

8.7506 

02 

2.2258 

00 

1.8208 

02 

1.8546 

01 

3.3608 

01 

3000C 

4.0CG6 

00 

4.7276-06 

5.0008-01 

8.7726 

02 

2.1938 

00 

1.8338 

02 

1 . 8458 

01 

3.3928 

01 

30500 

4.0C06 

00 

4. 1958-06 

5.0006-01 

8.7946 

02 

2.1638 

00 

1.8458 

02 

1.8378 

01 

3.4168 

01 

31000 

4.0006 

00 

3. 7408-06 

5.0006-01 

8.817E 

02 

2.1338 

00 

1. 8588 

02 

1 . B286 

01 

3.4418 

01 

31500 

4. 00C6 

00 

3. 3498-06 

5.0008-01 

0.839E 

02 

2.1046 

00 

1. 871E 

02 

1.0198 

01 

3.4668 

01 

32000 

4.0006 

00 

3.0108-06 

5.O00E-01 

8.8618 

02 

2.0778 

00 

1.8838 

02 

1.R10E 

01 

3.4928 

01 

3250C 

4.0C06 

00 

2.7166-06 

5.0008-01 

8.8836 

02 

2.0508 

CO 

1.8968 

02 

1.8028 

01 

3.5108 

01 

33000 

4. 0006 

00 

2.4558-06 

5.0008-01 

8. 9058 

02 

2.0246 

00 

1.9096 

02 

1.7938 

01 

3.544E 

01 

3350C 

4.0006 

00 

2.2286-06 

5.000E-01 

8.927E 

02 

1.9996 

CO 

1.9218 

02 

1.7846 

01 

3.5708 

91 

34000 

4.0008 

00 

2.0276-06 

5.0008-01 

0.9496 

02 

1.9746 

oc 

1.9348 

02 

1. 7758 

01 

3. 597E 

01 

3450C 

4. 0008 

00 

1.8446-06 

5.0008-01 

0.9718 

02 

1 .9506 

CO 

1.9468 

02 

l . 766E 

01 

3.624E 

01 

35000 

4.0006 

00 

1.6848-06 

5.0006-01 

8.992E 

02 

1 .9276 

00 

1.9596 

02 

1. 757E 

01 

3.652E 

01 

3550C 

4.0CC6 

00 

L. 5396-06 

5.0008-01 

9.0146 

02 

1 .9046 

00 

1.9726 

02 

1 . 748F 

01 

3. 6308 

01 

36000 

4 .0006 

00 

1.4046-06 

5.0006-01 

9. 0368 

02 

1.8836 

00 

1.984E 

02 

l .7396 

01 

3. 708F 

01 

3650C 

4.0006 

00 

L. 2858-06 

5.0006-01 

9.0588 

02 

1.8616 

00 

1.9976 

02 

l. 729E 

01 

3.737F 

01 

37000 

4.0006 

GO 

l. 1 736-06 

5.0006-01 

9.0806 

02 

1.8406 

00 

2.0108 

02 

1 . 720E 

01 

3.766F 

01 

37500 

4.0006 

00 

1.0696-06 

5.0006-01 

9.101E 

02 

1.8206 

00 

2.0226 

02 

1 . 71 IE 

01 

3.7 96F 

01 

38000 

4.0006 

00 

9. 7236-07 

5. 0008-01 

9.1238 

02 

1.8018 

CO 

2.0358 

02 

l. 701E 

01 

3. 8268 

01 

38500 

4.0006 

00 

8.8296-07 

5.0008-01 

9.1458 

02 

l. 781E 

00 

2.047E 

02 

1.692E 

01 

3. 8578 

01 

3900C 

4.0006 

00 

0. 0096-07 

5.0008-01 

9.1666 

02 

1.7636 

00 

2.0606 

02 

1.6826 

01 

3.08&F 

01 

3S50C 

4.0006 

00 

7.2276-07 

5.0008-01 

9.180E 

02 

1 .744E 

00 

2.0738 

02 

1.6738 

01 

3.9196 

01 

4C000 

4.0C06 

00 

6.482E-07 

5.000E-01 

9.2078 

02 

1.7268 

00 

2.085E 

02 

1 .662E 

01 

3.9516 

01 
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SHOCK VARIABLES FOR NITROGEN GAS 


O.OOOOl atmosphere 





ed 

em- 

re 

Reflected 
shock den- 
sity ratio, 

P 5 /p l 


Reflected shock 






Ratio of 
reflected 
to initial 
shock 
pressure, 

p 5 / p l 

Reflect 
shock t 
peratu 
ratio 

V T i 

Reflected 
shock en- 
thalpy 
ratio, 

*V h i 

Reflected 
shock speed 
to initial 
sound speed, 

V a i 

Compres 

ibilit 

factor 

Z 5 

s- 

Mole fraction 

Temper- 

ature, 

V 

°K 


X N 

V 

3.0156 

02 

1.2436 

01 

2.4136 

01 

1.5206 

01 

1.605E 

00 

1.005E 

00 

1.0396-02 

2.429006 

2 eon 

4.0956 

02 

1.3956 

01 

2.864E 

01 

1.8936 

01 

1.5946 

00 

1.0256 

00 

4.8426-02 

1 .7486-05 

2 500 

5* 1 6 l E 

02 

1-4806 

01 

3.3296 

01 

2.2306 

01 

1.5506 

00 

1.0516 

00 

9.7566-02 

4. 3476-05 

3000 

6.589E 

02 

1.5526 

01 

3.9126 

01 

2.5986 

01 

1.510E 

00 

1.0866 

00 

1.5746-01 

8.1766-05 

3500 

9.7126 

02 

1.6486 

01 

5.1236 

01 

3. 1926 

01 

l. 4 8 2 E 

00 

1.1506 

00 

2. 605E-0 1 

1.61 76-04 

4000 

1*8938 

03 

1.8176 

01 

7.9206 

01 

4.3856 

01 

1.5096 

00 

1.3156 

00 

4.781E-01 

4.0996-04 

4500 

3-643 E 

03 

2.0706 

01 

1.0666 

02 

6. 0356 

01 

1.7156 

00 

1 .65 CE 

00 

7.8416-01 

1.2766-03 

5000 

5.1268 

03 

2.7586 

01 

9.1826 

01 

7.7676 

01 

2.3956 

00 

2.0256 

00 

9.649F-01 

1 . 5736-02 

5500 

5.4646 

03 

3.2996 

01 

7.5546 

01 

9.0636 

01 

2.8916 

00 

2. 1936 

00 

0.235E-O1 

8.81 16-02 

6000 

5.3426 

03 

3.4236 

01 

6. 8476 

01 

9.5356 

01 

3.0276 

00 

2.2796 

00 

7.546E-01 

1.2266-01 

6500 

5. 20 IE 

03 

3.4826 

01 

6.4176 

01 

9.7716 

01 

3.0876 

00 

2.328E 

00 

7.1816-01 

1 .4096-01 

7000 

5.1116 

03 

3.532E 

01 

6.0096 

01 

9.9956 

01 

3.1386 

00 

2.377E 

oc 

6.828E-01 

1.5856-01 

7500 

5.0516 

03 

3.5826 

01 

5.812E 

01 

1.0216 

02 

3. 1896 

00 

2.4266 

00 

6.4856-01 

1. 7576-01 

8000 

5.125E 

03 

3. 6716 

01 

5.544E 

01 

1.059E 

02 

3.2996 

00 

2.5196 

00 

5. 8816-01 

2 • 0596-01 

P 500 

5.2616 

03 

3.789E 

01 

5.25CE 

01 

1.1106 

02 

3.4676 

00 

2.655E 

00 

5.0676-01 

2.4666-01 

9000 

5.4766 

03 

3.9436 

01 

4.879E 

01 

1.1726 

02 

3.7196 

00 

2.8476 

00 

4. 0516-01 

2.9746-01 

9500 

5-6176 

03 

4.1266 

01 

4.3946 

01 

1.2436 

02 

4.0666 

00 

3. 0996 

00 

2.9076-01 

3.5466-01 

10000 

5.6446 

03 

4.3446 

01 

3.623E 

01 

1.3156 

02 

4.5226 

00 

3. 3996 

00 

1.7696-01 

4.1156-01 

10500 

5.5286 

03 

4.6586 

01 

3.203E 

01 

1.3866 

02 

5.1286 

00 

3.7056 

00 

7. 9586-02 

4.6026-01 

11000 

5.4026 

03 

5.3046 

01 

2.5856 

01 

1.466E 

02 

6.0856 

00 

3.9406 

00 

1.5336-0? 

4.9236-01 

11500 

5.3886 

03 

6.8786 

01 

1.9606 

01 

1.5946 

02 

7.9446 

00 

3.9976 

00 

7.9456-04 

4.9966-01 

12000 

5.3586 

03 

8.373E 

01 

1.6006 

01 

1.708E 

02 

9.6476 

00 

4.0006 

00 

1.2426-04 

4. 9996-01 

12500 

5.2786 

03 

9.3846 

01 

1.406E 

01 

1.7866 

02 

1.079E 

01 

4.000E 

oo 

4. 6436-05 

5.0006-01 

13000 

5.1516 

03 

1.0076 

02 

1.2796 

01 

1.8386 

02 

1.1556 

01 

4. 0006 

00 

2. 644E-05 

5.0006-01 

13500 

5.0236 

03 

1.0536 

02 

1.1936 

01 

1.8746 

02 

1 . 2066 

01 

4.0006 

00 

1. 8546-05 

5.0006-01 

14000 

4.91 46 

03 

1.0906 

02 

l . 1276 

01 

1.901E 

02 

1.2466 

01 

4.0006 

00 

1.4366-05 

5.0006-01 

14500 

4.7886 

03 

1.1196 

02 

1.070E 

01 

1.9236 

02 

1.2776 

01 

4.000E 

00 

1. 1756-05 

5.0006-01 

1 500" 

4.6836 

C3 

1.145E 

02 

1.0236 

01 

1.9436 

02 

1.3036 

01 

4 . 0 COE 

ao 

9.913E-06 

5.0006-01 

15500 

4.5656 

03 

1.1676 

02 

9.7856 

00 

1 . 960 6 

02 

1.3276 

01 

4.00CE 

00 

8.505E-06 

5.0006-01 

16000 

4.4786 

03 

1.1886 

02 

9.42C6 

00 

1.976E 

02 

1.3486 

01 

4.0006 

00 

7.413E-06 

5 .0006 -01 

1 6500 

4.3736 

C3 

1.2096 

02 

9.0446 

00 

1.9916 

02 

1.368E 

01 

4.000E 

00 

6.4676-06 

5.0006-01 

17000 

4.2766 

03 

1.2286 

02 

6. 7046 

00 

2. Q066 

02 

1.3886 

01 

4.000E 

00 

5. 6746-06 

5.000E-01 

17500 

4.1946 

03 

1.2476 

02 

8.4066 

00 

2.0206 

02 

1.4076 

01 

4.00CE 

00 

4.9926-06 

5.0006-01 

18000 

4.1176 

03 

1.2676 

02 

8.1266 

00 

2.0356 

02 

1.426E 

01 

4.000E 

00 

4.3926-06 

5. 000F-01 

1 8500 

4.0356 

03 

1.2856 

02 

7.8506 

00 

2.0496 

02 

1.4446 

01 

4.0C0E 

00 

3 • B56E-06 

5 .0006-01 

1 9000 

3.9606 

03 

1.3026 

02 

7.6056 

00 

2. 0626 

02 

1.460E 

01 

4.000E 

00 

3. 3906-06 

5 • 000F-01 

19500 

3.8916 

03 

1.3226 

02 

7. 361 E 

00 

2.0776 

02 

1.4806 

01 

4 .0006 

00 

2.9546-06 

5. 0006-01 

200O0 

3.8256 

03 

1.3406 

02 

7.1356 

00 

2.0906 

02 

1.4986 

01 

4.0006 

00 

2. 5786-06 

5.0006-01 

20500 

3.7646 

03 

1.3596 

02 

6.923E 

00 

2. 1046 

02 

1.5176 

01 

4.0006 

00 

2.2916-06 

5.0006-01 

21000 

3.7QOE 

03 

1.377E 

02 

6. 7196 

00 

2.1186 

02 

1.5346 

01 

4 .0006 

00 

2.0416-06 

5.000F-01 

21500 

3.643E 

03 

1.3966 

02 

6. 5236 

00 

2.1326 

02 

1.5536 

01 

4.0006 

00 

l • B 1 46-06 

5.0006-01 

22000 

3.577E 

03 

1.413E 

02 

6.331E 

00 

2. 1456 

02 

1.5696 

01 

4.0006 

00 

1.6216-06 

5.000F-01 

72500 

3.5306 

03 

1.4306 

02 

6.1726 

00 

2. 1 5b E 

02 

1.5866 

01 

4.0006 

00 

1.4496-06 

5.0006-01 

23000 

3.4806 

C3 

1.4496 

02 

6.0046 

00 

2.1726 

02 

1.6056 

01 

4.0006 

00 

l .296E-06 

5.0006-01 

23500 

3.4236 

03 

1-4656 

02 

5. 0416 

00 

2. 185E 

02 

1.6206 

01 

4.0006 

00 

1.1596-06 

5.0006-01 

24000 

3.3806 

C3 

1.4826 

02 

5.7016 

00 

2. 1986 

02 

1 .6376 

01 

4.0C06 

00 

1.0396-06 

5 .0006-01 

24500 

3.3376 

03 

1 .5026 

02 

5.5546 

00 

2.211E 

02 

1.6566 

01 

4.0006 

00 

9.2766-07 

5.0006-01 

? 5000 

3.2876 

03 

1.5176 

02 

5.4166 

00 

2.2246 

02 

1 .67 IE 

01 

4.000E 

00 

8.3456-07 

5.0006-01 

25500 

3.2476 

03 

1.5346 

02 

5.2916 

00 

2.2376 

02 

1.687E 

01 

4.0C0E 

00 

7. 4886-07 

5. 0006-01 

26000 

3.2066 

03 

1 . 55 IE 

02 

5.17CE 

00 

2.2506 

02 

1.704E 

01 

4.000E 

00 

6.7436-07 

5.0006-01 

26500 

3. I65t 

03 

1.5686 

02 

5.0466 

00 

2.2626 

02 

1.7206 

01 

4.000E 

00 

6.072E-07 

5 • 0006 -01 

2 7000 

3. 1236 

03 

1.5856 

02 

4.9266 

00 

2.2756 

02 

1.7366 

01 

4.0C0E 

00 

5.4396-07 

5. 0006-01 

27500 

3.0896 

03 

1.6026 

02 

4.8216 

00 

2. 2886 

02 

1.7536 

01 

4.0006 

00 

4.9176-07 

5.0006-01 

28000 

3.055E 

03 

1.6216 

02 

4.7126 

00 

2.3016 

02 

1.7726 

01 

4 .0006 

00 

4. 3966-07 

5.000F-01 

78500 

3.0156 

03 

1.6366 

02 

4.6086 

00 

2.3136 

02 

1.7866 

01 

4.000E 

00 

3.986E-07 

5.000F-01 

29000 

2.9846 

03 

1 .6526 

02 

4.5156 

00 

2.3266 

02 

1.8026 

01 

4.000E 

00 

3.5766-07 

5.0006-01 

29600 

2-9536 

03 

1.669E 

02 

4.424E 

00 

2.3386 

02 

1.8186 

01 

4.0006 

00 

3.2416-07 

5.0006-01 

30000 

2.9196 

C3 

1.685E 

02 

4.33CE 

00 

2.351E 

02 

1.834E 

01 

4.000E 

00 

2.906E-07 

5.0006-01 

30500 

2.8846 

03 

1 • 70 IE 

02 

4.2386 

00 

2.3636 

02 

1.8496 

01 

4.000E 

00 

2.6456-07 

5.0006-01 

31000 

2.8576 

03 

1.7186 

02 

4.1586 

00 

2. 3766 

02 

1.8666 

01 

4.0006 

00 

2.3846-07 

5.0006-01 

31500 

2.8306 

03 

1.737E 

02 

4.0746 

00 

2. 3886 

02 

1.8846 

01 

4.000E 

00 

2. 1236-07 

5.0006-01 

32000 

2.7976 

03 

1 • 75 IE 

02 

3.9946 

00 

2.400E 

02 

1.8986 

01 

4.000E 

00 

1.9376-07 

5.0006-01 

3250O 

2.7716 

03 

1.7676 

02 

3.921 E 

00 

2.4126 

02 

1.91 36 

01 

4.0006 

00 

1.7516-07 

5 . 0006 -0 1 

3 3000 

2.747E 

03 

1.7836 

02 

3.8516 

00 

2. 4256 

02 

1.929E 

01 

4.000E 

00 

1.6026-07 

5. 0006 -01 

33500 

2.7186 

03 

1.7996 

02 

3.7776 

00 

2.4376 

02 

1 .9446 

01 

4.0C0E 

00 

1 .4536-07 

5.0006-01 

34000 

2.689E 

03 

1.8146 

02 

3.705E 

oc 

2. 4496 

02 

1.959E 

01 

4. 0006 

00 

1.3416-07 

5.000E-01 

34500 

2.6676 

03 

1.8316 

02 

3.6426 

00 

2.4616 

02 

1.975E 

01 

4.0C06 

00 

1.1926-07 

5.0006-01 

35000 

2.6446 

03 

1 .8496 

02 

3.5756 

00 

2.473E 

02 

1.994E 

01 

4.000E 

00 

1.0806-07 

5. 0006-01 

35500 

2.6166 

C 3 

1.862E 

02 

3. 5 12E 

00 

2.4856 

02 

2 .00 76 

01 

4.000E 

00 

9.686E-08 

5.000F-01 

36000 

2.594E 

03 

1.078E 

02 

3.4546 

00 

2.496E 

02 

2.022E 

01 

4.000E 

00 

8.9416-08 

5.000F-01 

36500 

2.5746 

03 

1.8936 

02 

3.3996 

00 

2.5086 

02 

2.037E 

01 

4.000E 

00 

8.1966-08 

5.0006-01 

37000 

2-5496 

03 

1.9096 

02 

3.3386 

00 

2. 5206 

02 

2.052E 

01 

4.000E 

00 

7.4516-08 

5. 0006-01 

37600 

2.5256 

C 3 

1.9246 

02 

3.2806 

00 

2. 5316 

02 

2. 0676 

01 

4 . 0 COE 

00 

6.7066-08 

5.000F-01 

38000 

2.506E 

03 

1.9406 

02 

3.2296 

00 

2. 5436 

02 

2.0826 

01 

4.0006 

00 

5.9606-08 

5.0006-01 

38500 

2. 466 E 

C 3 

1.9586 

02 

3.1756 

00 

2.5556 

02 

2.102E 

01 

4.000E 

00 

5.5886-08 

5.0006-01 

39000 

2.463E 

03 

1.969E 

02 

3.1286 

00 

2.5666 

02 

2.1116 

01 

4.0006 

00 

5 . 2 1 56 -OR 

5.000E-01 

3 9 5'">o 

2.4426 

03 

1. 9b 5E 

02 

3.0766 

00 

2.5776 

02 

2.1276 

01 

4.00CE 

00 

4.4706-08 

5.000E-01 

40000 
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TABLE II 


Continued. HYDRODYNAMIC 
(b) Initial pressure. 


Primary shock 


Temper- 
ature , 

V 

°K 

Compress- 

ibility 

factor, 

Z 2 

Mole fraction 

Pressure 

ratio, 

p 2 /p l 

Density 
rati o, 
p 2 /?i 

Enthalpy 

ratio, 

h 2 / h 1 

Particle 
speed to 
Initial 
sound speed, 

V a i 

Mach 

number, 

M s 

X N 

X N+ 

2000 

1.C006 

CO 

1. 3686-08 

3.0216-13 

4.0116 

01 

6.0176 

CO 

7.5166 

00 

4.82 76 

on 

5.7696 

00 

2500 

1. 00 06 

00 

3.41 76-06 

1.2486-10 

5.2896 

01 

6.3476 

00 

9.5826 

00 

5.588F 

00 

6. 633F 

00 

4000 

l.QGCe 

00 

1.6336-04 

1.0166-08 

6.5816 

01 

6.5806 

00 

1.167E 

01 

6.266E 

00 

7. 388F 

00 

3500 

i.ocie 

00 

2.3866-03 

2.5646-07 

7.9496 

01 

6.8056 

00 

1.3866 

01 

6.9166 

00 

8 • L07F 

00 

4000 

L.0C8E 

00 

1.6306-02 

3.0116-06 

9.7056 

01 

7.2196 

CO 

1.6626 

01 

7.6886 

00 

8.924F 

00 

45GC 

1.0396 

00 

7.5016-02 

2.2846-05 

1.2896 

02 

8.2706 

CO 

2. 1486 

01 

8. 9616 

00 

1.019F 

01 

5 00 C 

i • 124£ 

00 

2.2 056-01 

1.0586-04 

1.8736 

02 

9. 9986 

00 

3.0286 

01 

1.094E 

OL 

1.2166 

01 

550C 

1.2S06 

CO 

4.4866-01 

3.4136-04 

2.6906 

02 

1.1376 

01 

9.2656 

01 

1.3216 

01 

l . 4496 

01 

6000 

1.5296 

00 

6.8946-01 

8.7286-04 

3.510E 

02 

l . 1486 

01 

5. 5356 

01 

1.51 LE 

01 

1.6556 

01 

650C 

1.7796 

00 

8. 7016-01 

1.9336-03 

4.1206 

02 

1.069E 

01 

6.5216 

01 

1.631E 

01 

1.8006 

01 

7000 

1.9256 

00 

9.4946-01 

3.8676-03 

4.4366 

02 

9.8756 

CO 

7.0636 

01 

1.6866 

01 

1.8756 

01 

7500 

1.9856 

00 

9.7056-01 

7.3916-03 

4.6106 

02 

9.2886 

CO 

7. 3796 

01 

l. 7126 

01 

1.9196 

01 

8000 

2.0126 

00 

9.7186-01 

1.1306-02 

4.739E 

02 

8.8356 

00 

7.6206 

01 

1.7316 

01 

1 . 9526 

01 

8500 

2.0396 

00 

9.5536-01 

2.1216-02 

4.8956 

02 

8.4756 

CO 

7.9026 

01 

l. 754E 

01 

1.9896 

01 

9000 

2.t?56 

00 

9.2436-01 

3.7356-02 

5.0876 

02 

8.1716 

00 

8.2416 

01 

1.784E 

01 

2.0336 

01 

9500 

2. 1306 

00 

8.7626-01 

6.1646-02 

5.3296 

02 

7. 8996 

00 

8.6606 

01 

l . 8? 2 E 

01 

2.0866 

01 

10000 

2.2106 

oc 

8.0906-01 

9.5376-02 

5.6246 

02 

7 • 6 33fc 

00 

9.1716 

01 

1.8676 

01 

2. 1486 

01 

10500 

2.3216 

00 

7.2306-01 

1. 3846-01 

5.9646 

02 

7.3416 

00 

9. 764E 

01 

1.917F 

01 

2.219E 

01 

nooo 

2.4656 

oc 

6.2236-01 

1.8886-01 

6. 3316 

02 

7.0046 

00 

1.0426 

02 

1.967E 

01 

2.295F 

01 

1150C 

2.6416 

00 

5.1426-01 

2.4296-01 

6.6996 

02 

6.6166 

00 

i.UOE 

02 

2.0146 

01 

2.373F 

01 

12000 

2.6416 

00 

4.0806-01 

2.9606-01 

7.0396 

02 

6 . 1946 

00 

1.1766 

02 

2.0526 

01 

2.447F 

01 

12500 

3.0616 

00 

3.0676-01 

3. 4666-01 

7.3406 

02 

5.7556 

00 

1.2396 

02 

2.0806 

01 

2.5176 

ni 

13000 

3.2 766 

CO 

2.2086-01 

3.8966-01 

7.5786 

02 

5.3386 

00 

1.294E 

02 

2.0966 

01 

2.5796 

01 

13500 

3.4676 

00 

1.5386-01 

4.2316-01 

7.7546 

02 

4.9706 

00 

1. 339E 

02 

2. 1026 

01 

2.6326 

01 

14C0C 

3.6216 

00 

1.0466-01 

4.4776-01 

7.8 796 

02 

4.662E 

00 

1.3756 

02 

2.101E 

01 

2.675E 

01 

14500 

3. 7376 

00 

7.036E-0 2 

4.6486-01 

7.9656 

02 

4.410E 

00 

1.4046 

02 

2 . 0966 

01 

2.71 IF 

01 

15000 

3.8206 

00 

4.7126-02 

4.7646-01 

8.0286 

02 

4.2036 

00 

1.428E 

02 

2. 0896 

01 

2.7416 

01 

15500 

3.8786 

oc 

3.1546-02 

4.8426-01 

8.0756 

02 

4.0306 

00 

1.4486 

02 

2.0816 

01 

2.7686 

01 

16G0C 

3. 91 76 

00 

2.1136-02 

4.8946-01 

8.1136 

02 

3.8836 

00 

1.4666 

02 

2.0736 

01 

2.7926 

01 

16500 

3.9426 

00 

1.4646-02 

4.9276-01 

8.1456 

02 

3.7566 

CO 

1.4816 

02 

2.0656 

01 

2.8146 

01 

17000 

3.9596 

00 

1.0296-02 

4.9496-01 

8.1736 

02 

3.643E 

00 

1.4966 

02 

2.0576 

01 

2.8356 

01 

17500 

3.9716 

00 

7.3446-03 

4.9636-01 

8.2006 

02 

3.54CE 

00 

1.5106 

02 

2.0496 

01 

2.8556 

01 

18C0C 

3.9796 

00 

5.3206-03 

4.9736-01 

8.2256 

02 

3.4456 

00 

1. 5246 

02 

2.0416 

OL 

2.0 756 

01 

18500 

3.9846 

00 

3.9126-03 

4.9806-01 

8.2496 

02 

3.3576 

CO 

1.5386 

02 

2.0336 

01 

2.8956 

01 

19000 

3.9886 

00 

2.9186-03 

4.9856-01 

8.2736 

02 

3.2756 

00 

1.5516 

02 

2.0256 

01 

2.9156 

01 

19500 

3. 9916 

CO 

2. 2086-03 

4.989E-01 

8.2976 

02 

3.1986 

00 

1.5646 

02 

2.01 76 

01 

2.935E 

01 

20U0 0 

3.9536 

00 

1.6936-03 

4.9926-01 

8.3216 

02 

3.1256 

00 

1.577E 

02 

2.0096 

01 

2.9546 

01 

20500 

3.995E 

oc 

1. 3146-03 

4.9936-01 

8.3446 

02 

3.0576 

cc 

1.590E 

02 

2.0016 

01 

2.9746 

01 

21000 

3.9566 

00 

1.0336-03 

4.9956-01 

8.367E 

02 

2. 9916 

00 

1.6036 

02 

1.9936 

01 

2.995F 

ot 

2150C 

3.9576 

oc 

8.2026-04 

4.9966-01 

8.3906 

02 

2.9296 

CO 

1.616E 

02 

1.9866 

01 

3.015F 

01 

2200 0 

3.9976 

00 

6. 5816—04 

4.9976-01 

8.4136 

02 

2.8706 

00 

1.6296 

02 

1.9786 

01 

3.035E 

01 

2250 C 

3.9586 

00 

5.3316-04 

4.9976-01 

8.4366 

02 

2.8136 

00 

1.6426 

02 

1.9706 

01 

3.0566 

01 

23000 

3.9586 

00 

4. 3546-04 

4.9986-01 

8.4596 

02 

2. 7596 

00 

1.6546 

02 

1.9626 

01 

3.0766 

01 

2350C 

3.9596 

oc 

3.5846-04 

4.9986-01 

8. 4816 

02 

2.7086 

00 

1. 6676 

02 

1 . 9546 

01 

3.0976 

01 

2400G 

3.9596 

00 

2.9736-04 

4.9996-01 

tt.5046 

02 

2.6586 

CO 

1.6806 

02 

l .945E 

01 

3 . 11 96 

01 

24500 

3.9596 

00 

2.4726-04 

4.9996-01 

8.5266 

02 

2.6116 

00 

1.6936 

02 

1.9376 

01 

3. 1 40F 

01 

25000 

3.9996 

oc 

2.0686-04 

4.9996-01 

8.5496 

02 

2.5656 

00 

l. 7056 

02 

1.929F 

01 

3. 162F 

01 

2550C 

3.9996 

00 

1. 7406-04 

4.9996-01 

8.5716 

02 

2.5216 

00 

1. 7186 

02 

1.921F 

01 

3.184F 

OL 

26000 

3.9596 

00 

1.4726-04 

4.9996-01 

8.5946 

02 

2.4796 

00 

l. 731E 

02 

1.9136 

01 

3.206F 

01 

*6 5QC 

3. 5596 

00 

1.2536-04 

4. 999E-0 1 

8.616E 

02 

2.4396 

CO 

l. 7446 

02 

1 , 9046 

01 

3.228F 

01 

2 7000 

4.0006 

00 

1.0726-04 

4.9996-01 

8.6396 

02 

2.4006 

00 

1. 7566 

02 

1.8966 

01 

3.251F 

01 

27500 

4.CC06 

00 

9.2316-05 

5.0006-01 

8.6616 

02 

2.3626 

00 

1.7696 

02 

1.8886 

01 

3.273E 

01 

28000 

4.0CG6 

00 

7.9906-05 

5.0006-01 

8.6836 

02 

2.3266 

00 

1.7826 

02 

1.879E 

01 

3. 7976 

01 

2850C 

4.CCG6 

CO 

6.9536-05 

5.0006-01 

8.7066 

02 

2.2916 

00 

1.7946 

02 

1.87LF 

01 

3. 3206 

01 

29000 

4.0006 

00 

6.0826-05 

5.0006-01 

8.728E 

02 

2.2576 

CO 

1.807E 

02 

1 .8626 

01 

3.344F 

01 

2950C 

4.0006 

00 

5. 3486-05 

5.0006-01 

8.7506 

02 

2.2256 

oc 

1.8206 

02 

1.8546 

01 

3.3606 

01 

30000 

4.0C06 

00 

4. 7266-05 

5.0006-01 

8.7726 

02 

2.1936 

00 

1.8336 

02 

1.8456 

01 

3. 3926 

01 

3050C 

4.0C06 

00 

4.1956-05 

5.000E-0 1 

8.7946 

02 

2. 1636 

00 

1 . 8456 

02 

1.8376 

01 

3.4166 

01 

3100C 

4.0006 

00 

3. 740fc-05 

5.0006-01 

8.8176 

02 

2.1336 

00 

1.8586 

02 

l « 82 86 

01 

3.4416 

01 

31500 

4.0C06 

00 

3. 3496-05 

5.000E-01 

8.8396 

02 

2.1056 

oc 

1.8716 

02 

1.8196 

01 

3.4666 

01 

32000 

4.0006 

00 

3.0096-05 

5.0006-01 

8.8616 

02 

2.0776 

00 

1.8836 

02 

1.8106 

01 

3.4926 

01 

32500 

4. 0006 

00 

2.7146-05 

5.0006-01 

8.8836 

02 

2.0506 

CO 

1.8966 

02 

1.8026 

01 

3.5186 

01 

33000 

4.0C06 

00 

2.4556-05 

5.0006-01 

8.9056 

02 

2.0246 

CO 

1.9096 

02 

1.7936 

01 

3. 54 4F 

01 

33500 

4.0C06 

00 

2.227E-05 

5 .QOQfc-Ql 

8.9276 

02 

1 .9996 

00 

1.9216 

02 

1.7846 

01 

3. 5706 

01 

3400C 

4.0CC6 

00 

2.0256-05 

5.0006-01 

8.9496 

02 

l • 9 7 4 E 

CO 

1.9346 

02 

1 . 7756 

01 

3.5976 

01 

34500 

4.0CGE 

00 

1 . 8 4 5t-05 

5.0006-01 

8.9716 

02 

1.9506 

CO 

1.9466 

02 

1 . 7666 

01 

3.6246 

01 

35000 

4.CC0E 

00 

1.6836-05 

5.0006-01 

8.9926 

02 

1 .927E 

00 

1.9596 

02 

1 . 7 5 76 

01 

3.6526 

01 

35500 

4.0CC6 

00 

1.5376-05 

5.0006-01 

9.0146 

02 

1.9046 

00 

1.9726 

02 

1.7486 

01 

3.6006 

01 

36000 

4. 0006 

00 

1.4056-05 

5.0006-01 

9.0366 

02 

1 .8836 

00 

1.9846 

02 

l . 7396 

OL 

3.7086 

01 

3650C 

4.CCC6 

00 

1.2836-05 

5.0006-01 

9.0586 

02 

1.86 IE 

00 

1.9976 

02 

l. 7296 

01 

3.737F 

01 

3 7000 

4.0006 

00 

U 1726-05 

5.0006-01 

9.0806 

02 

I.B4Q6 

00 

2.0106 

02 

1.720F 

01 

3.T66F 

01 

37500 

4.0006 

00 

1.0696-05 

5.0006-01 

9.1016 

02 

l .820E 

00 

2.0226 

02 

1.7116 

01 

3. 796F 

01 

38000 

4.0006 

00 

9. 7316-06 

5.0006-01 

9.1236 

02 

1.8016 

00 

2.0356 

02 

1.7016 

01 

3. 8266 

01 

38500 

4.0006 

00 

8.8366-06 

5.0006-01 

9. 1456 

02 

1.7816 

00 

2.047E 

02 

1.6926 

01 

3. 857F 

01 

3900C 

4.0006 

00 

7. 9986-06 

5.0006-01 

9.1666 

02 

1.7636 

00 

2.0606 

02 

1.6826 

01 

3.888F 

01 

39500 

4.00C6 

00 

7.2126-06 

5.0006-01 

9.1886 

02 

t .745E 

00 

2.0736 

02 

1.6736 

01 

3.919F 

01 

4000C 

4.00C6 

00 

6. 46 36-06 

5.0006-01 

9. 2076 

02 

1.7266 

00 

2.0856 

02 

1.662E 

01 

3.9516 

01 
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SHOCK VARIABLES FOR NITROGEN GAS 


O.OOOl atmosphere 


Reflected shock 


Ratio of 
reflected 
to initial 
shock 
pressure, 

Ps/Pl 

Reflected 
shock tem- 
pera ture 
ratio, 

V T 1 

Reflected 
shock den- 
sity ratio, 
P../p, 

D 1 

Reflected 
shock en- 
thalpy 
ratio, 

V h i 

Reflected 
shock speed 
to initial 
sound speed, 
U R /a 1 

Compre 

ibili 

facto] 

Z 5 

33- 

Mole fraction 

Temper- 

ature, 

V 

°K 

ty 

X N 

V 

3.0276 

02 

1.2726 

01 

2.3746 

01 

1.5316 

01 

1.6406 

00 

1 .0026 

00 

4.7306-03 

3.921F-07 

2000 

<i.13 5£ 

02 

1.4776 

01 

2.752E 

01 

1.9256 

01 

1.6786 

00 

1.0176 

00 

3.4116-02 

5.2766-06 

2500 

5.2226 

02 

1.5806 

01 

3.1606 

01 

2.2736 

01 

1.6506 

00 

1.0416 

00 

7.8656-02 

1.6666-05 

3000 

6. <(166 

C2 

1.6706 

01 

3. 5956 

01 

2.6126 

01 

1.6196 

00 

1.0696 

00 

1.2966-01 

3. 4136-05 

3500 

6.1886 

02 

1 • 7556 

01 

4. 2086 

01 

3.0216 

01 

1.5976 

00 

1.1096 

00 

1.9616-01 

6.3596-05 

4000 

1.2246 

03 

1.8856 

01 

5.4686 

01 

3.7166 

01 

1.6016 

00 

1.1876 

00 

3.1516-01 

1.382E-04 

4500 

2.1166 

03 

2.0816 

01 

7.5436 

01 

4.8426 

01 

1.6756 

00 

1.3496 

00 

5. 1686-01 

3.647E-04 

5000 

3.4406 

03 

2.3186 

01 

9. 173E 

01 

6.1736 

01 

1.8746 

00 

1.6186 

00 

7.6066-01 

1 .0466-03 

5500 

4.5776 

03 

2.7156 

01 

8.7176 

01 

7.4576 

01 

2.2996 

00 

1.934E 

00 

9.528E-01 

4. 297E-03 

6000 

5.1166 

03 

3.5126 

01 

6.8996 

01 

8.9396 

01 

2.994E 

00 

2.1126 

00 

8.9106-01 

5.404E-02 

6500 

5.1246 

03 

3.7956 

01 

6.078E 

01 

9.6726 

01 

3.2726 

00 

2.2216 

00 

7.998E-01 

9 .9956-02 

7000 

5.0246 

03 

3.9026 

01 

5.6446 

01 

1.0016 

02 

3.3006 

00 

2.2816 

00 

7.5286-01 

1.235E-0L 

7500 

4.9166 

03 

3.9646 

01 

5.3436 

01 

1.0216 

02 

3.4396 

00 

2.3216 

00 

7.2306-01 

1.385E-01 

8000 

4.8736 

03 

4.0326 

01 

5.1036 

01 

1.0446 

02 

3.5056 

00 

2.3686 

00 

6.8896-01 

1.5556-01 

0500 

4.8766 

03 

4.1146 

01 

4.8836 

01 

1.0726 

02 

3.5926 

00 

2.4296 

00 

6.469E-01 

1 .7656-01 

9000 

4.9446 

03 

4.2136 

01 

4.6756 

01 

1.1076 

02 

3.7096 

00 

2.5106 

00 

5.9336-01 

2.033E-01 

9500 

5.0536 

03 

4.3436 

OL 

4.441E 

01 

1. 150E 

02 

3.879E 

00 

2. 6206 

00 

5. 2656-01 

2. 367F-01 

10000 

5.17C6 

03 

4.4926 

01 

4.1676 

01 

1.2006 

02 

4.1006 

00 

2.7626 

00 

4.4806-01 

2. 760E-01 

10500 

5.2716 

03 

4.6506 

01 

3.8526 

01 

1.2556 

02 

4. 38 IE 

00 

2.9386 

00 

3.615E-01 

3. 192E-01 

1100O 

5.3066 

C3 

4. 8526 

01 

3.4806 

01 

1.3136 

02 

4.7366 

00 

3.1436 

00 

2. 7766-01 

3.6376-01 

\ 1 500 

5.27C6 

03 

5.062E 

01 

3. 0936 

01 

1.369E 

02 

5.150E 

00 

3. 3666 

00 

1.8846-01 

4.058E-01 

12000 

5. 1566 

03 

5.3366 

01 

2.6856 

01 

1.425E 

02 

5.6716 

00 

3.6006 

00 

1. 1116-01 

4. 445E-01 

12500 

5.0286 

03 

5.7356 

01 

2.3036 

01 

1.4846 

02 

6.332E 

00 

3.8006 

00 

5. 0556-02 

4. 747E-01 

13000 

4.5066 

03 

6.4626 

01 

1.9256 

01 

1.5566 

02 

7.3116 

oo 

3.9466 

00 

1.3616-02 

4.9326-01 

13500 

4.8626 

03 

7.6586 

01 

1.5916 

01 

1.6536 

02 

8.7176 

00 

3.9906 

00 

2. 5066-03 

4.9876-01 

14000 

4.8106 

03 

8.8406 

01 

1.3616 

01 

l. 744E 

02 

1.006E 

01 

3.997E 

00 

6.9396-04 

4.9976-01 

14500 

4.7336 

03 

9.7646 

01 

1.2126 

01 

1.8156 

02 

1.1106 

01 

3.9996 

00 

3.0496-04 

4.998F-01 

15000 

4.6356 

03 

1.0476 

02 

1.1C8E 

01 

1.8b8t 

02 

1.1896 

01 

3.999E 

00 

1.7916-04 

4.999E-01 

15500 

4.5536 

C3 

1.1016 

02 

1.034E 

01 

1.910E 

02 

1.2496 

01 

4.0C0E 

00 

1.2456-04 

4.999F-01 

16000 

4.4526 

03 

1.1416 

02 

9. 7546 

00 

1.9406 

02 

1.2926 

01 

4.0006 

00 

9.5806-05 

5 . 000F-01 

16500 

4.3716 

03 

1.1766 

02 

9.2926 

00 

1.9666 

02 

1.3306 

01 

4.000E 

00 

7. 7536-05 

5. OOOF-Ol 

170^0 

4.2766 

C3 

1.2056 

02 

8.8756 

00 

1.9886 

02 

1.3606 

01 

4.0C0E 

00 

6.464E-05 

5.000F-01 

17500 

4.2006 

03 

1.2316 

02 

8. 5 326 

00 

2.008E 

02 

1.3076 

01 

4.0006 

00 

5. 5016-05 

5.000F-01 

18000 

4.1116 

03 

1.2546 

02 

8.1996 

00 

2.025E 

02 

1.4106 

01 

4.0006 

00 

4. 7186-05 

5.000E-01 

1 8500 

4.0356 

C3 

1.2756 

02 

7.912E 

00 

2.0426 

02 

W432E 

01 

4.0C06 

00 

4.082E-05 

5 . 000F-01 

19000 

3.9626 

03 

1.2966 

02 

7.6416 

00 

2.0576 

02 

1.4536 

01 

4.0C0E 

00 

3.531E-05 

5.000E-01 

19500 

3.6886 

03 

1.3166 

02 

7.3846 

00 

2.0736 

02 

1.4736 

01 

4 .0006 

00 

3.054E-05 

5. 000F-01 

20000 

3.8226 

03 

1.3376 

02 

7.1486 

00 

2.0886 

02 

1.494E 

01 

4.0006 

00 

2.6336-05 

5 . OOOF-Ol 

205O0 

3.7616 

03 

1.3566 

02 

6.9366 

00 

2. 1026 

02 

1.5126 

01 

4.0C0E 

00 

2. 3336-05 

5 . OOOE-Ol 

21000 

3.7046 

03 

1.3746 

02 

6.7396 

00 

2.1166 

02 

1.5316 

01 

4.0006 

00 

2.0726-05 

5 • OOOF-Ol 

21500 

3.6416 

03 

1.3936 

02 

6.5366 

00 

2.1306 

02 

1.5496 

01 

4.0C06 

00 

1.8406-05 

5 . OOOE-Ol 

22000 

3.5796 

03 

1.4106 

02 

6.3456 

00 

2.1436 

02 

1.5666 

01 

4.0006 

00 

1.6376-05 

5. OOOE-Ol 

22500 

3.5306 

C3 

1.4296 

02 

6.178E 

00 

2.1576 

02 

1.5846 

01 

4.0006 

00 

1.4616-05 

5. OOOE-Ol 

23000 

3.4616 

03 

1.4486 

02 

6.008E 

00 

2.1716 

02 

1.6046 

01 

4.0006 

00 

1.3016-05 

5. OOOE-Ol 

2 3 5nn 

3.4256 

03 

1.4646 

02 

5.8486 

00 

2. 1846 

02 

1.619E 

01 

4.000E 

00 

1.1646-05 

5. OOOE-Ol 

240™ 

3.3016 

03 

1.4826 

02 

5.7046 

00 

2.1976 

02 

1.6366 

01 

4.000E 

00 

1. 043E-05 

5. OOOE-Ol 

24500 

3.3376 

03 

1.4996 

02 

5.5656 

00 

2.2106 

02 

1.6536 

01 

4.000E 

00 

9.3476-06 

5. OOOE-Ol 

25000 

3.2906 

C3 

1.5166 

02 

5.4246 

00 

2.2236 

02 

1.6706 

01 

4.0COE 

00 

8.375E-06 

5. OOOE-Ol 

25500 

3.2416 

03 

1.5336 

02 

5.2866 

00 

2.2366 

02 

1 .6866 

01 

4.0006 

00 

7.5106-06 

5. OOOE-Ol 

26000 

3.2056 

03 

1.5516 

02 

5.1676 

00 

2.2496 

02 

1.7036 

01 

4.0006 

00 

6.743E-06 

5.0006-01 

26500 

3. 1676 

03 

1.5706 

02 

5.0456 

00 

2.263E 

02 

1.722E 

01 

4.0006 

00 

6.042E-06 

5. 0006-01 

27000 

3.1236 

03 

1.5856 

02 

4.9256 

00 

2.2756 

02 

1.7376 

01 

4.0006 

00 

5.439E-06 

5. 0006-01 

27500 

3.0896 

03 

1.6026 

02 

4.8226 

00 

2.2886 

02 

1.7536 

01 

4.000E 

00 

4.903E-06 

5. OOOE-Ol 

28000 

3.0556 

C3 

1.6216 

02 

4.7126 

00 

2.3016 

02 

1.7726 

01 

4.000E 

00 

4.400E-06 

5. OOOE-Ol 

28500 

3.0166 

C3 

1.6366 

02 

4.6C96 

00 

2.3136 

02 

1.7066 

01 

4.0CCE 

00 

3.971E-06 

5. OOOE-Ol 

29000 

2.9846 

03 

1.6526 

02 

4.5156 

00 

2.3266 

02 

1.8016 

01 

4.0006 

00 

3.584E-06 

5. OOOE-Ol 

29500 

2.9546 

C 3 

1.6696 

02 

4.4256 

00 

2.3386 

02 

1.8186 

01 

4 .0006 

00 

3.2346-06 

5. OOOF-Ol 

30000 

2.9196 

03 

1.6856 

02 

4.330E 

00 

2.3516 

02 

1.8346 

01 

4.0006 

00 

2.9176-06 

5. OOOE-Ol 

30500 

2-8846 

C 3 

1.7016 

02 

4.2386 

00 

2.3636 

02 

1.8496 

01 

4.0006 

00 

2.6346-06 

5. OOOE-Ol 

31000 

i 2.8576 

03 

1.7186 

02 

4.158E 

00 

2.3766 

02 

1.8656 

01 

4.0006 

00 

2.384E-06 

5. OOOF-Ol 

31500 

2.8306 

03 

1.7376 

02 

4.0746 

00 

2.3886 

02 

1.8846 

01 

4.000E 

00 

2. 146E-06 

5. OOOF-Ol 

32O0O 

1 2.7976 

03 

1.7516 

02 

3.9956 

00 

2.400E 

02 

1.897E 

01 

4.0006 

00 

1.9456-06 

5. OOOE-Ol 

32500 

i 2.7716 

03 

1.7676 

02 

3.9226 

00 

2.4126 

02 

1.9136 

01 

4.000E 

00 

1. 7666-06 

5. OOOE-Ol 

33000 

2.7476 

0 3 

1.7836 

02 

3.8526 

00 

2.4256 

02 

1.9296 

01 

4.0COE 

00 

1.5986-06 

5.000E-01 

33500 

2.7106 

03 

1.7996 

02 

3.777E 

00 

2.437E 

02 

1.9446 

01 

4. 0006 

00 

1.4496-06 

5. OOOF-Ol 

34000 

2.6896 

C 3 

1.8156 

02 

3. 7056 

00 

2.4496 

02 

1.9606 

01 

4 .0006 

00 

1.31 IE -06 

5. OOOE-Ol 

34500 

2.6676 

03 

1.8316 

02 

3.6426 

00 

2.4616 

02 

1.9756 

01 

4.0006 

00 

1. 192E-06 

5. OOOE-Ol 

350O0 

2.6446 

03 

1.849E 

02 

3.575E 

00 

2.4736 

02 

1.9946 

01 

4.0006 

00 

1 .07 76-06 

5. OOOE-Ol 

35500 

2.6176 

03 

1.8616 

02 

3.5176 

00 

2.4846 

02 

2.0046 

01 

4.0006 

00 

9.8356-07 

5. OOOE-Ol 

360O0 

2.5926 

03 

1.8786 

02 

3.4526 

00 

2.4966 

02 

2.0216 

01 

4.0006 

00 

8.903E-07 

5. OOOE-Ol 

36500 

2.5726 

03 

1.8936 

02 

3.3966 

00 

2.5086 

02 

2.0376 

01 

4.0006 

00 

8. 121E-07 

5. OOOF-Ol 

37000 

2.5516 

03 

1 • 9096 

02 

3.3416 

00 

2.5206 

02 

2.0526 

01 

4.0006 

00 

7.41 3E-07 

5 * ooor-oi 

37500 

2.5276 

03 

1.9246 

02 

3.283E 

00 

2.5316 

02 

2. 0676 

01 

4.000E 

00 

6. 706E-07 

5. OOOF-Ol 

3HOOO 

2.5026 

03 

1.9396 

02 

3.2266 

00 

2.5436 

02 

2.0826 

01 

4.0006 

00 

fa. 1096-07 

5. OOOE-Ol 

38500 

2. 4846 

03 

1.9556 

02 

3. 1776 

00 

2.555E 

02 

2.0986 

01 

4.0006 

00 

5.5886-07 

5. OOOE-Ol 

39000 

2.4656 

03 

1.9726 

02 

3.1256 

00 

2.5676 

02 

2.1166 

01 

4.0COE 

00 

5.0666-07 

5. OOOF-Ol 

39500 

2.4406 

03 

1.9856 

02 

3.0746 

00 

2.5776 

02 

2.1276 

01 

4.0006 

00 

4.6196-07 

5. OOOE-Ol 

4000 0 
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Continued. HYDRODYNAMIC 


TABLE II. - 

(c) Initial pressure. 


Primary shock 


Temper- 

ature, 

t 2 , 

°K 

Ccr.preo 

5? 

Mole fraction 

Pressure 

Dens' 
rat 1 
P 2 /P 

-y 

Enthalpy 

Part L e 

I; 

Mach 


factor 

Z, 

a n 

X N + 

P 2 /Pi 


i 

mi io 
U y/h-L 


initial 
sound speed, 

Vn 

m 3 

2C0C 

i.ocoe 

00 

4.3266-09 

3.0216-14 

4.0116 

01 

6 .01 76 

CO 

7.5166 

OQ 

4 . 82 7F 

00 

5. ?89F 

00 

250C 

i.OCOfc 

00 

1.080E-06 

1.2486-11 

5.2896 

01 

6. 347E 

00 

9. 5816 

00 

5. 5886 

00 

6.633F 

00 

3000 

l.OCOfc 

00 

5.1646-05 

1.0166-09 

b.5776 

01 

6.5776 

00 

1.1666 

01 

6.2636 

00 

7. 3876 

00 

350C 

i.ocoe 

00 

7.5786-04 

2.5846-08 

7.8946 

01 

6.7646 

00 

1.3 786 

01 

6. 8886 

00 

8.0836 

00 

4C0C 

1.003b 

00 

5. 2826-03 

3. 1456-07 

9.3446 

01 

6.9896 

00 

1.6096 

01 

7. 522F 

00 

8.778F 

00 

4500 

1.013b 

00 

2.5996-02 

2.6716-06 

1.1316 

02 

7.4456 

CO 

1.91 76 

01 

8. 32 76 

00 

9.61 9F 

00 

500C 

1.045b 

oc 

8. 5876-02 

1.481E-05 

1.450E 

02 

8.3266 

CQ 

2.4C46 

01 

9. 51 3F 

00 

1 .081F 

01 

550C 

1.1126 

00 

2. 0166-01 

5.7186-05 

1.9336 

02 

9.4826 

00 

3.1376 

01 

1.1096 

01 

1 .239F 

01 

600C 

1.225b 

00 

3.6656-01 

1.7206-04 

2. 5506 

02 

i .04 lb 

01 

4.0776 

01 

1.2816 

01 

1.41 76 

01 

6500 

1.401b 

00 

5. 713E-01 

4.5066-04 

3.2606 

02 

1.0746 

01 

5.1766 

01 

1.4516 

01 

1.6006 

01 

?ooo 

1.616b 

00 

7 • 595E-01 

1.0426-03 

3.8926 

02 

i .0326 

01 

6. 1846 

01 

1.5836 

01 

1.7526 

01 

7500 

l.dCifc 

00 

8.8316-01 

2.1856-03 

4.3256 

02 

9.6056 

00 

6. 9066 

01 

1.6626 

01 

1.8556 

01 

8000 

1 . 9 12E 

00 

9.4356-01 

3.5016-03 

4.5796 

02 

8.9816 

00 

7.3546 

01 

1.7036 

01 

1.916F 

Oi 

8500 

1.970b 

00 

9.6456-01 

6.7 726-03 

4.7536 

02 

8.5166 

00 

7.6 726 

01 

1.7296 

01 

1.9596 

01 

9000 

2.0C46 

oc 

9.6546-01 

1.2246-02 

4.9036 

02 

8. 155E 

CO 

7.9486 

01 

1. 7516 

01 

1.9966 

01 

9500 

2,033b 

00 

9.537E-01 

2.0836-02 

5.060b 

02 

7.860E 

00 

8.2316 

01 

1.774F 

01 

2.033F 

01 

10000 

2.065E 

00 

9.3086-01 

3.350fc-02 

5.235E 

02 

7.607b 

00 

8.546F 

01 

1.8006 

01 

2.073F 

01 

10500 

2.105b 

00 

8. 9686-01 

5. iG6fc-02 

5.433E 

02 

7.373b 

CO 

8. 8976 

01 

1.8306 

01 

2. 1 1 7F 

01 

11000 

2.156b 

00 

8.51 76-01 

7.3906-02 

5.6556 

02 

7.1466 

00 

9. 293b 

01 

1.8626 

01 

2. 165F 

01 

1 1 500 

2.2266 

00 

7.9616-01 

1.0186-01 

5.901E 

02 

6.9156 

00 

9. 7326 

01 

1. 8976 

01 

2.218F 

01 

12000 

2.3C96 

00 

7. 3196-01 

1.3406-01 

6. 1626 

02 

6.6716 

00 

1.0216 

02 

1.9336 

01 

2.274F 

01 

U5G0 

2.4136 

00 

6.5736-01 

1.7136-01 

6. 4416 

02 

6.4056 

00 

1.072E 

02 

1.9696 

01 

2.333E 

oi 

13000 

2.536E 

00 

5. 7716-01 

2.1146-01 

6.7216 

02 

6.1166 

00 

1.1266 

02 

2.0036 

01 

2.3946 

01 

13500 

2.676b 

00 

4.9466-01 

2.5276-01 

6.9936 

02 

5. 8076 

00 

1. 1 79E 

02 

2.0326 

01 

2. 4556 

01 

14G0C 

2. 830E 

oo 

4. 1326-01 

2.9346-01 

7.2446 

02 

5.4856 

00 

1.232E 

02 

2.0566 

01 

2.5146 

01 

14500 

2.9546 

oc 

3.3616-01 

3.3196-01 

7.4686 

02 

5.1616 

00 

1.2826 

02 

2.0 72F 

01 

2.5706 

01 

1500C 

3.159b 

cc 

2.6636-01 

3.668E-01 

7.6576 

02 

4.8486 

00 

1.3286 

02 

2.0826 

01 

2.623F 

01 

15500 

3.318b 

00 

2.0546-01 

3. 9736-01 

7.8126 

02 

4.5566 

00 

l. 3696 

02 

2.0866 

01 

2.672F 

01 

1600C 

3.466b 

CO 

1.5426-01 

4.2296-01 

7.934E 

02 

4.2936 

00 

1.4066 

02 

2.0046 

01 

2 . 7166 

01 

16 50 C 

3 . 584fc 

00 

1. 1616-01 

4.4206-01 

8.0246 

02 

4.0716 

CO 

1.4366 

02 

2.0786 

01 

2. 7556 

01 

17000 

3.681b 

00 

8.6786-02 

4.5666-01 

8. 0936 

02 

3.8806 

00 

1.4626 

02 

2.0706 

01 

2.789F 

01 

1 7 500 

3.7576 

GC 

6.4776-02 

4.6766-01 

8.1476 

02 

3.7186 

00 

1. 4856 

02 

2.0616 

01 

2.8206 

01 

18000 

3. 8 1 5t 

oc 

4.8486-02 

4. 7586-01 

8.1916 

02 

3.5786 

00 

1.5056 

02 

2.0526 

01 

2.848F 

01 

1850C 

3.855b 

cc 

3. 650E-02 

4.8176-01 

8.2276 

02 

3.4576 

cc 

1.5236 

02 

2.0426 

oi 

2.874F 

01 

1900 0 

3,892£ 

00 

2.7706-02 

4.8616-01 

8.2596 

02 

3.3506 

00 

l. 5406 

02 

2.033E 

01 

2.898F 

01 

1950C 

3.917b 

oc 

2. 1226-02 

4.8946-01 

8.288E 

02 

3.2556 

cc 

1.5566 

02 

2.0246 

01 

2.921F 

01 

2Q00G 

3.935E 

oc 

1.6426-02 

4. 9186-01 

8.3156 

02 

3.1696 

00 

1.5716 

02 

2.015F 

01 

2.944F 

01 

<20500 

3.949E 

00 

1. 2846-02 

4.9366-01 

8.3416 

02 

3.0916 

00 

1. 5856 

02 

2.006E 

01 

2.9666 

01 

21000 

3.960b 

00 

1.0146-02 

4.949E-01 

8.3656 

02 

3.0186 

00 

1.5996 

02 

1 • 9986 

01 

2. 98 BF 

01 

2 1 50 C 

3.968b 

oc 

8.0826-03 

4.9606-01 

8.3896 

02 

2.9506 

CO 

1.613E 

02 

1.9896 

01 

3.009F 

01 

2200 C 

3.5 ?4£ 

00 

6. 5046-03 

4.967E-01 

8.4136 

02 

2.8876 

CO 

1.6266 

02 

1.9816 

01 

3.0306 

01 

22500 

3.979b 

oc 

5.2806-03 

4.9746-01 

8.4366 

02 

2.e27t 

00 

1*6406 

02 

1.9726 

01 

3.0526 

01 

2300C 

3,983b 

cc 

4. 3216-03 

4.9786-01 

8.4596 

02 

2.770E 

00 

1 . 65 36 

02 

1.9646 

01 

3.0736 

01 

23500 

3.986b 

CO 

3.5626-03 

4.9826-01 

8.482b 

02 

2.7176 

CO 

1.6666 

02 

i .9556 

01 

3.0956 

01 

24CQC 

3.988b 

oc 

2.9576-03 

4. 9856-Oi 

8.5056 

02 

2.666E 

00 

1.6796 

02 

1.9476 

01 

3. 1 16F 

01 

2450C 

3.950E 

00 

2.4626-03 

4.9886-01 

8.5276 

02 

2.6176 

00 

1.6926 

02 

1.9396 

01 

3. 1 38F 

01 

25000 

3.952b 

oc 

2.0606-03 

4.9906-01 

8. 5506 

02 

2.5706 

00 

1. 7056 

02 

1.9306 

01 

3,1 60F 

01 

2550 C 

3.953b 

00 

1. 7346-03 

4.9916-01 

8.5726 

02 

2.5266 

00 

1 . 7 l 76 

02 

1.9226 

01 

3. 182E 

01 

26000 

3.994b 

00 

1. 4686-03 

4.9936-01 

8.5956 

02 

2.483E 

00 

l. 7306 

02 

l. 9146 

01 

3.204F 

01 

26500 

3.995b 

cc 

1. 2506-03 

4.9946-01 

8.6176 

02 

2. 4426 

00 

1. 7436 

02 

1.9056 

01 

3.227F 

01 

27000 

3.996E 

00 

1. 0 706-03 

4.9956-01 

8.639E 

02 

2.4026 

00 

l. 7566 

02 

1.8976 

01 

3.2496 

01 

2750C 

3.956b 

CO 

9.2166-04 

4.9956-01 

8.6626 

02 

2.3646 

00 

1. 7696 

02 

1 . 888E 

01 

3.2726 

01 

28000 

3.957b 

00 

7.9796-04 

4.9966-01 

8.6846 

02 

2.3286 

00 

1.7816 

02 

1.8806 

01 

3.296F 

01 

2850C 

3.95 7fc 

oc 

6.9456-04 

4.9976-01 

8. 7066 

02 

2.2936 

00 

1.7946 

02 

1 .871F 

01 

3. 31 9F 

01 

2 90 00 

3.558b 

00 

6.0766-04 

4.9976-01 

8.7286 

02 

2.259E 

00 

1.80 76 

02 

1.863F 

01 

3.3436 

01 

2S50C 

3.558b 

oo 

5. 34 36-04 

4.9976-01 

8.7516 

02 

2.2266 

CO 

1.820E 

02 

1 .854F 

01 

3.367F 

01 

30000 

3.558b 

00 

4. 7226-04 

4. 9986-01 

8.7736 

02 

2.1946 

00 

1.8326 

02 

1.846F 

01 

3. 3916 

01 

30500 

3.958b 

00 

4. 1926-04 

4.9986-01 

8.7956 

02 

2.1646 

00 

1.8456 

02 

1.8376 

01 

3.416F 

01 

31000 

3.559b 

00 

3. 7386-04 

4.9986-01 

8.8176 

02 

2.1346 

00 

1.8586 

02 

1.8286 

01 

3.4416 

01 

3 1 50u 

3.559c 

00 

3. 34 76-04 

4.9986-01 

8.8396 

02 

2.1056 

00 

1.870E 

02 

1.8206 

01 

3.466F 

01 

3 2 COO 

3. 559t 

oc 

3.0086-04 

4.9986-01 

8 . 86 1 t 

02 

2.0776 

00 

1.8836 

02 

1.81 16 

01 

3. 4 9 1 F 

01 

32500 

3.999b 

00 

2. 7136-04 

4.9996-01 

8.8836 

02 

2.0516 

CO 

1.8966 

02 

1.8026 

01 

3.5176 

01 

3 3C00 

3. 5 59£ 

00 

2.4546-04 

4.9996-01 

8.9056 

02 

2.024b 

00 

1.9086 

02 

1 . 7936 

oi 

3. 543E 

0! 

33500 

3.959b 

CO 

2. 2266-04 

4.9996-01 

8.9276 

02 

l .9996 

00 

1 . 92 IE 

02 

l. 7846 

Oi 

3.570F 

01 

34000 

3.459b 

00 

2.0256-04 

4.9996-01 

8.9496 

02 

1.9746 

00 

1.9346 

02 

1.7756 

01 

3.597E 

01 

34500 

3.559t 

CO 

l. 8456-04 

4.9996-01 

8.9716 

02 

1.9516 

00 

1. 9466 

02 

1. 7666 

01 

3.624E 

01 

35000 

3.959b 

00 

1.6836-04 

4. 9996-01 

8.9936 

02 

1 .92 7E 

00 

1.9596 

02 

1. 7576 

01 

3.652F 

01 

3550C 

3.959b 

00 

1. 5376-04 

4.9996-01 

9.015E 

02 

1.9056 

00 

l .9726 

02 

1 . 748E 

01 

3.680E 

01 

36000 

3.559b 

oo 

1.4046-04 

4.9996-01 

9.0366 

02 

1 .8836 

oo 

1.9846 

02 

1. 739F 

01 

3. 708E 

01 

36500 

i»999t 

00 

1.2836-04 

4.9996-01 

9.0586 

02 

1.8616 

00 

1.9976 

0? 

1.7296 

01 

3.737F 

01 

3/000 

4.000b 

00 

l. 1 726-04 

4.9996-01 

9.0806 

02 

1.8416 

00 

2.0106 

02 

1.7206 

01 

3. 7666 

01 

3 7 500 

4.000c 

00 

1.0686-04 

4.9996-01 

9.101E 

02 

1 .8206 

00 

2.0226 

02 

1.7116 

01 

3. 796F 

OI 

38000 

4 .OOOt 

00 

9. 7276-05 

5 • OOOt -01 

9.123fc 

02 

1.8016 

00 

2.0356 

02 

1.7016 

01 

3. 826F 

01 

38500 

4.000fc 

00 

8.8346-05 

5.0006-01 

9.1456 

02 

1 . 782t 

CO 

2.0476 

02 

1.6926 

01 

3.857F 

01 

39000 

4.000b 

CO 

7.9976-05 

5.000t~0l 

9.1666 

02 

1.7636 

00 

2.0606 

02 

1.682F 

01 

3.8886 

01 

35500 

4.0C0b 

00 

7.2136-05 

5.0006-01 

9.1886 

02 

1.7456 

00 

2.0736 

02 

1.6736 

01 

3.91 9 F 

01 

40000 

4.000b 

00 

6. 4656-05 

5.0006-01 

9.2076 

02 

1.7266 

00 

2.0856 

02 

1.6636 

01 

3. 9516 

01 
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SHOCK VARIABLES FOR NITROGEN GAS 


O.OOl atmosphere 


Reflected shock 


Ratio of 
reflected 
to initial 
shock 
pressure, 

Ps/Pi 

Reflected 
shock tem- 
perature 
ratio, 

V T i 

Reflected 
shock den- 
sity ratio, 

p 5 /p x 

Reflected 
shock en- 
thalpy 
ratio, 

h 5 /hi 

Reflected 
shock speed 
to initial 
sound speed, 

V a i 

Compress- 

ibility 

factor, 

Z 5 

Mole fraction 

Temper- 
| ature, 
t 2 , 

°K 

X N 

X v + 

N 

3.0346 

02 

1.2896 

01 

2.3526 

01 

1.5376 

01 

1 . 660E 

00 

1.0016 

00 

1. 8006-03 

5.0166-08 

?nnn 

4. 166 £ 

02 

1.5486 

01 

2.6626 

01 

1.9546 

01 

1 . 7506 

00 

1.0116 

00 

2. 0786-02 

1.3406-06 

2500 

5.2766 

02 

1.7026 

01 

3.0106 

01 

2.3216 

01 

1.7536 

00 

1.0306 

00 

5.838E-02 

6. 0396-06 

3000 

6.4116 

02 

1.8126 

01 

3.3566 

01 

2.6636 

01 

1.7416 

00 

1.0546 

00 

1.0336-01 

1.4786-05 

3500 

7.7436 

02 

1.9076 

01 

3.7476 

01 

3.014E 

01 

1.7296 

00 

1.0846 

00 

1.5476-01 

2.9146-05 

4000 

9.8576 

02 

2.0186 

01 

4.334E 

01 

3. 4666 

01 

1.731E 

00 

1.1276 

00 

2. 2556-01 

5 . 774E-05 

4500 

1.3936 

03 

2.1646 

01 

5.3436 

01 

4. 1446 

01 

1 . 7586 

00 

1.2056 

00 

3. 3946-01 

1.2806-04 

5000 

2.0946 

03 

2.3516 

01 

6.6706 

01 

5.0666 

01 

1.8416 

00 

1.335E 

00 

5.013E-01 

3.1426-04 

5500 

3.0156 

03 

2.5646 

01 

7.7156 

01 

6.1026 

01 

2.00 1 E 

00 

1.5246 

00 

6.8536-01 

8.2166-04 

6000 

3.9516 

C3 

2.8576 

01 

7.8676 

01 

7.2106 

01 

2.300E 

00 

1.7756 

00 

8. 6666-01 

2.3046-03 

6500 

4.6526 

C3 

3.4136 

01 

6.8106 

01 

8. 3936 

01 

2.832E 

00 

2.0026 

00 

9.5836-01 

1.416F-0? 

7000 

4.8966 

03 

4.0536 

01 

5. 6966 

01 

9.5276 

01 

3.377E 

00 

2.1216 

00 

8. 8306-01 

5.806E-0? 

7500 

4.0796 

03 

4.3346 

01 

5.1076 

01 

1.0146 

02 

3.639E 

00 

2.2056 

00 

8. 1376-01 

9.3046-02 

8000 

4.8206 

03 

4.4736 

01 

4.7676 

01 

1.0496 

02 

3.7736 

00 

2.2616 

00 

7.688E-01 

1.1556-01 

8500 

4.7656 

03 

4.5716 

01 

4.5206 

01 

1.0746 

02 

3.8666 

00 

2.3066 

00 

7.3426-01 

1.3286-01 

9000 

4.7406 

03 

4.6686 

01 

4.3176 

01 

1.0996 

02 

3.9576 

00 

2.3526 

00 

7.0046-01 

1.4976-01 

9500 

4.752E 

03 

4.7686 

01 

4. 145E 

01 

1. 125E 

02 

4.0566 

00 

2.4056 

00 

6.6346-01 

1.6836-01 

10000 

4.7836 

03 

4. 8786 

01 

3.9746 

01 

1.1556 

02 

4.1746 

00 

2.4676 

00 

6.2116-01 

1.8956-01 

1 0500 

4.8346 

03 

5.0026 

01 

3.7996 

01 

1 .1836 

02 

4.319E 

00 

2.5446 

00 

5.7246-01 

2 . L 386-0 1 

1 1000 

4.8946 

03 

5.1376 

01 

3.6156 

01 

1 .225E 

02 

4.4936 

00 

2.6366 

00 

5. 1766-01 

2.4126-01 

11500 

4.9466 

03 

5.2746 

01 

3.4186 

01 

1.2646 

02 

4. 6916 

00 

2.7436 

00 

4.5826-01 

2 • 709F-01 

12000 

4.9686 

03 

5.439E 

01 

3.1956 

01 

1.3076 

02 

4.9446 

00 

2.8716 

00 

3.9326-01 

3.0346-01 

1 2500 

5.0006 

03 

5.61 76 

01 

2.9516 

01 

1.352E 

02 

5.2416 

00 

3.0166 

00 

3.2626-01 

3. 3696-01 

13000 

4.9746 

03 

5.8126 

01 

2.6956 

01 

1.3976 

02 

5.5866 

00 

3.1756 

00 

2.5986-01 

3.7016-01 

135^0 

4.9076 

03 

6. 0286 

01 

2.4356 

01 

1.443E 

02 

5.9826 

00 

3. 3446 

00 

1.963E-01 

4.0196-01 

14000 

4.8096 

03 

6.2856 

01 

2.1776 

01 

1.4886 

02 

6.4436 

00 

3.5146 

00 

1.3826-01 

4.3096-01 

14500 

4.6876 

03 

6.6086 

01 

1.9296 

01 

1.5356 

02 

6.9866 

00 

3.6766 

00 

8. 804E-02 

4.5606-01 

15000 

4.5646 

03 

7.040E 

01 

1 .6996 

01 

1.5866 

02 

7.6396 

00 

3.8166 

00 

4.8326-0 2 

4. 7586-01 

15500 

4.4626 

03 

7.6856 

01 

1.4836 

01 

1.6476 

02 

8.4956 

00 

3. 9166 

00 

2.1546-02 

4.8926-01 

16000 

4.3786 

03 

8.4996 

01 

1.2996 

01 

1.7156 

02 

9.478E 

00 

3.9656 

00 

8. 733E-03 

4.9566-01 

16500 

4.3176 

03 

9.3846 

01 

1.1556 

01 

1.784E 

02 

1.050E 

01 

3.9056 

00 

3.7766-03 

4.9816-01 

17000 

4.2476 

03 

1.0166 

02 

1.0456 

01 

1.8466 

02 

1.1406 

01 

3.9926 

00 

1.9876-03 

4. 9906-01 

1 7500 

4.1696 

03 

1.0876 

02 

9.5986 

00 

1.8986 

02 

1.2176 

01 

3. 9956 

00 

1.239E-03 

4.9946-01 

18000 

4.1056 

03 

1.1446 

02 

8.9786 

00 

1 • 9426 

02 

1.2806 

01 

3.9976 

00 

8.7126-04 

4.9966-01 

18500 

4.0256 

03 

1.1926 

02 

8.4506 

00 

1.9786 

02 

1.3326 

01 

3.9976 

00 

6.550E-04 

4.9976-01 

19000 

3-9576 

03 

1.2306 

02 

8.0486 

00 

2.0086 

02 

1.3746 

01 

3.9986 

00 

5. 1706-04 

4.9976-01 

19500 

3.9006 

03 

1.2666 

02 

7.7066 

00 

2.0346 

02 

1.4136 

01 

3.9986 

00 

4.174E-04 

4.9986-01 

20OO0 

3.6256 

03 

1.2956 

02 

7.3846 

00 

2.0576 

02 

1.444E 

01 

3.999E 

00 

3.4186-04 

4 . 9986-01 

20500 

3.7636 

03 

1.3236 

02 

7.1156 

00 

2.078E 

02 

1.4736 

01 

3.9996 

00 

2.8276-04 

4. 9996-01 

21000 

3.7016 

03 

1-3496 

02 

6.8596 

00 

2.0976 

02 

1 . 50 IE 

01 

3.9996 

00 

2.3766-04 

4.9996-01 

21500 

3.6446 

03 

1. 3726 

02 

6. 6406 

00 

2. 114E 

02 

1 .5246 

01 

3.9996 

00 

2.0596-04 

4.9996-01 

22000 

3.5926 

03 

1.3946 

02 

6.4416 

00 

2.1316 

02 

1.5476 

01 

3.9996 

00 

1.7966-04 

4.9996-01 

22500 

3.5336 

03 

1.415E 

02 

6. 2426 

00 

2.1476 

02 

1.5686 

01 

3.9996 

00 

1.5746-04 

4.9996-01 

230O0 

3.4826 

03 

1.4366 

02 

6.0646 

00 

2. 1626 

02 

1.5886 

01 

3.9996 

oc 

1.3876-04 

4.9996-01 

23500 

3.4326 

03 

1.4556 

02 

5.6976 

00 

2.1776 

02 

1.6076 

01 

4.000E 

00 

1.2276-04 

4.9996-01 

24000 

3.3856 

€3 

1.4766 

02 

5.7356 

00 

2. 1926 

02 

1.6286 

01 

4.0006 

00 

1.0866-04 

4.9996-01 

245O0 

3.3396 

03 

1.4936 

02 

5. 591 E 

00 

2.2056 

02 

1.6456 

01 

4.0006 

00 

9.6806-05 

5.0006-01 

25000 

3.2926 

C3 

1.5116 

02 

5.4476 

00 

2.219E 

02 

1.6636 

01 

4.0006 

00 

8.6276-05 

5.0006-01 

25500 

3.2506 

C3 

1.5316 

02 

5.3096 

00 

2.2336 

02 

1.683E 

01 

4.0006 

00 

7.6846-05 

5.000F-01 

26000 

3.2016 

03 

1.5476 

02 

5.1736 

00 

2.2466 

02 

1.699E 

01 

4.0006 

00 

6. 873E-05 

5 .0006 -01 

265O0 

3.1676 

03 

1.5656 

02 

5.05C6 

00 

2.2606 

02 

1.716E 

01 

4.0006 

00 

6. 1696-05 

5.0006-01 

27000 

3.1306 

03 

1.5846 

02 

4. 9406 

00 

2.2736 

02 

1.7356 

01 

4.0006 

00 

5. 5 L 86-05 

5.000E-01 

275O0 

3.0866 

C3 

1.6006 

02 

4.8236 

00 

2.2866 

02 

1.7 506 

01 

4.0006 

00 

4.9586-05 

5.000F-01 

28000 

3.0546 

03 

1.6166 

02 

4.7236 

00 

2.2996 
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SHOCK VARIABLES FOR NITROGEN GAS 
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P 5 /Pl 

t 5 /ti 



h 5 /h 

L 

U R /a 

1 





3.0396 

02 

1.294E 

01 

2.3486 

01 

1.5396 

01 

1.6666 

00 

1.000E 

00 

6. 1036-04 

5.5016-09 

2000 

4.2006 

C2 

1.6046 

01 

2.6046 

01 

1.9766 

01 

1.8056 

00 

1.0056 

00 

i. 040E-02 

2.6236-07 

2 500 

5.3306 

02 

1.8146 

01 

2.8826 

01 

2.3696 

01 

1.8526 

00 

1.0196 

00 

3. 7906-02 

1.9066-06 

3000 

6-4706 

02 

1.9676 

01 

3.1656 

Oi 

2.7306 

01 

1.8686 

00 

1.03SE 

00 

7.530E-02 

6.1756-06 

3500 

7.6666 

02 

2.0876 

01 

3.4556 

01 

3.0746 

01 

1.8716 

00 

1.0636 

00 

1. 188E-01 

1. 420E-05 

4000 

9. 12Gb 

02 

2.1976 

01 

3.7966 

01 

3.4386 

01 

1.8756 

00 

1.0936 

00 

1.706E-01 

2.8496-05 

4500 

1. 129fc 

03 

2.3176 

01 

4.289E 

01 

3.8866 

01 

1.8896 

00 

1.1366 

00 

2.387E-01 

5. 7336-05 

5000 

1.4666 

03 

2.4656 

01 

4.9596 

01 

4.467E 

01 

1.9286 

00 

1.1996 

00 

3. 3196-01 

1.2376-04 

5500 

1.9516 

03 

2.6396 

01 

5.7296 

01 

5. 1776 

01 

2.0046 

00 

1.291 E 

00 

4.4956-01 

2.8436-04 

6000 

2.6226 

03 

2.8556 

01 

6. 4566 

01 

6.0346 

01 

2.1416 

00 

1.4226 

00 

5.9216-01 

5.9826-04 

6500 

3.3766 

03 

3.0966 

01 

6.8336 

01 

6. 9506 

01 

2.3486 

00 

1.5966 

00 

7.4226-01 

1 . 534E-03 

7000 

4.0266 

03 

3.3666 

01 

6.6596 

01 

7.8376 

01 

2.6336 

00 

1.7976 

00 

8.7576-01 

3.8156-03 

7500 

4.4596 

03 

3. 7946 

01 

5.9446 

01 

8.7366 

01 

3.0546 

00 

1.9786 

00 

9.5376-01 

1.1676-02 

8000 

4.6796 

03 

4.4626 

01 

5.045E 

01 

9.7546 

01 

3.6036 

00 

2.0796 

00 

9. 1946-01 

3.950E-02 

8500 

4.7306 

03 

4.8976 

01 

4. 4816 

01 

1.049E 

02 

3. 9726 

00 

2.1566 

00 

8.5466-01 

7.2536-02 

9000 

4.7166 

03 

5.1546 

01 

4.1246 

01 

1.0976 

02 

4.2056 

00 

2.2206 

00 

8.0176-01 

9. 909E-02 

9500 

4.6856 

03 

5.3156 

01 

3.8816 

01 

1.1316 

02 

4.3566 

00 

2.2716 

00 

7.6106-01 

1.1956-01 

loono 

4.6616 

03 

5.4396 

01 

3.7026 

01 

1.1576 

02 

4.470E 

00 

2.3156 

00 

7.2796-01 

1. 360F-01 

10500 

4.6506 

03 

5.5546 

01 

3. 5526 

01 

1.1826 

02 

4.5766 

00 

2.35 7E 

00 

6.9696-01 

1.5156-01 

l 1000 

4.6516 

03 

5.6686 

01 

3.4166 

01 

1.2066 

02 

4.6856 

00 

2.4026 

00 

6.6536-01 

1.673E-01 

11500 

4.6616 

03 

5.7836 

01 

3.2886 

01 

1.2316 

02 

4.8016 

00 

2.4516 

00 

6.3206-01 

l .8406-01 

12000 

4.6616 

03 

5. 9066 

01 

3. 1616 

01 

1.2586 

02 

4.934E 

00 

2.507E 

00 

5.953E-01 

2.024F-01 

12500 

4.7046 

03 

6.0456 

01 

3.0266 

01 

1.2876 

02 

5.0926 

00 

2.5726 

00 

5. 5536-01 

2.22 46-01 

13000 

4.7266 

03 

6.1966 

01 

2.8856 

01 

1.3186 

02 

5.2756 

00 

2. 6456 

00 

5. 124E-01 

2.4386-Oi 

13500 

4.7456 

03 

6.352E 

01 

2.7396 

01 

1.3516 

02 

5.479E 

00 

2.7276 

00 

4.6706-01 

2.6656-01 

14000 

4.7516 

C3 

6.5126 

01 

2.5896 

01 

1.3856 

02 

5.7036 

00 

2.8186 

00 

4. 1966-01 

2.9026-01 

14500 

4.7426 

03 

6.6896 

01 

2.4296 

01 

1.4216 

02 

5.9656 

00 

2. 9196 

00 

3.7056-01 

3.1476-01 

15000 

4.7166 

03 

6.8826 

01 

2. 2626 

01 

1 . 4586 

02 

6.2666 

00 

3.0306 

00 

3.2026-01 

3. 3996-01 

15500 

4.6756 

03 

7.097E 

01 

2.0916 

01 

1.497E 

02 

6. 6136 

00 

3.1516 

00 

2. 695E-01 

3.6526-01 

160O0 

4.6076 

03 

7.3236 

01 

1.9236 

01 

1.5346 

02 

6.986E 

00 

3.271E 

00 

2.2286-01 

3.8866-01 

1.6500 

4.5226 

03 

7.5616 

01 

1.7636 

01 

1.572E 

02 

7.3866 

00 

3.3936 

00 

1.789E-01 

4. 1056-01 

17000 

4.4246 

03 

7.8376 

01 

1.6076 

01 

1.609E 

02 

7.8376 

00 

3.5126 

00 

L. 3906-01 

4.3056-01 

1 7500 

4.3206 

03 

8.1396 

01 

1.4656 

01 

1.6486 

02 

8. 3186 

00 

3.623E 

00 

1 • 040E-01 

4.4806-01 

18000 

4.2126 

03 

6.4886 

01 

1.3336 

01 

1.6876 

02 

8.846E 

00 

3. 7 2 3 E 

00 

7.4336-02 

4.6286-01 

18500 

4.1136 

03 

8.9006 

01 

1.2146 

01 

1.7286 

02 

9.4276 

00 

3.8076 

00 

5. 0736-02 

4. 7466-01 

19000 

4.0156 

03 

9.3806 

01 

1.1C6E 

01 

1.7726 

02 

1.0066 

01 

3.8716 

00 

3.3266-02 

4.8346-01 

19500 

3.9356 

03 

9.9266 

01 

1*0126 

01 

1.8186 

02 

1 .0746 

01 

3.9166 

00 

2.1486-02 

4.8936-01 

20000 

3.6696 

03 

1.0516 

02 

9. 3316 

00 

1. 8666 

02 

1.1446 

01 

3.9446 

00 

1. 4136-02 

4.9296-01 

20500 

3.6016 

03 

1.109E 

02 

8.6566 

00 

1.9126 

02 

1.210E 

01 

3.9626 

00 

9. 7126-03 

4.9516-01 

2 l OQn 

3.7376 

03 

1.1656 

02 

8.0786 

00 

1.9556 

02 

1.2746 

01 

3.9726 

00 

6.9656-03 

4. 9656-01 

21500 

3.6776 

03 

1.2156 

02 

7.6036 

00 

1.9946 

02 

1.3316 

01 

3.9796 

00 

5. 1856-03 

4.9746-01 

2?n on 

3.6166 

03 

1.2616 

02 

7.2006 

00 

2.0296 

02 

1.3836 

01 

3.9846 

00 

3.9476-03 

4. 9806-01 

22500 

3.5546 

C3 

1.3036 

02 

6.841E 

00 

2.0616 

02 

1.4286 

01 

3. 9886 

CO 

3.0336-03 

4.9856-01 

73000 

3.5006 

03 

1.3406 

02 

6.5426 

00 

2.0896 

02 

1.4706 

01 

3.9916 

00 

2. 3516-03 

4.9886-01 

2350O 

3.4516 

03 

1.3756 

02 

6.2886 

00 

2. 1156 

02 

1.5076 

01 

3. 9926 

00 

1.9206-03 

4.9906-01 

24000 

3.4016 

03 

1.4046 

02 

6.0656 

00 

2.139E 

02 

1.5396 

01 

3.9946 

00 

1.5956-03 

4.9926-01 

24500 

3.3636 

05 

1.4356 

02 

5. 8686 

00 

2.1616 

02 

1.5726 

01 

3. 9956 

00 

l. 3406-03 

4.9936-01 

750nn 

3.3C9t 

03 

1.4616 

02 

5.66 76 

00 

2.1826 

02 

1.6006 

01 

3.9956 

oc 

1.1376-03 

4. 9946-01 

? 5 SO 0 

3.2596 

03 

1.4886 

02 

5. 4836 

00 

2.2016 

02 

1.628E 

01 

3.9966 

00 

9. 7166-04 

4. 9956-01 

26000 

3.2206 

03 

1 • 51 IE 

02 

5.3336 

00 

2.2198 

02 

1.652E 

01 

3.9976 

00 

8.4266-04 

4. 9966-01 

26500 

3.1836 

03 

1.5346 

02 

5.1916 

00 

2.2366 

02 

1.6766 

01 

3. 9976 

00 

7.3386-04 

4.996F-01 

2 70O0 

3.1396 

03 

1.5556 

02 

5.0496 

GO 

2.2536 

02 

1.6986 

01 

3.9976 

00 

6.426E-04 

4.9976-01 

27500 

3.1016 

03 

1.5766 

02 

4.9216 

00 

2. 2686 

02 

1.7206 

01 

3.9986 

00 

5. 6566-04 

4.9976-01 

28000 

3.0636 

03 

1.5966 

02 

4.8026 

00 

2.2836 

02 

1.7396 

01 

3. 9986 

00 

5.0066-04 

4.9976-01 

28500 

3.0346 

03 

1.6166 

02 

4.6956 

00 

2.2986 

02 

1.7606 

01 

3.9986 

oc 

4.4416-04 

4.9986-01 

29000 

2.9936 

03 

1.6356 

02 

4.5786 

00 

2.3136 

02 

1.7796 

01 

3.9986 

00 

3.9466-04 

4.9986-01 

29500 

2-9596 

C 3 

1.6536 

02 

4.4776 

00 

2.3276 

02 

1.7976 

01 

3. 9996 

00 

3.5256-04 

4.9986-01 

300O0 

2.9326 

03 

1.6726 

02 

4.3856 

00 

2.3416 

02 

1.8166 

01 

3.9996 

00 

3.1526-04 

4. 9986-01 

30500 

2.8956 

03 

1.6906 

02 

4.2846 

00 

2.3546 

02 

1.8346 

01 

3.9996 

00 

2.8206-04 

4.9996-01 

31000 

2. 8636 

03 

1 . 70 76 

02 

4.1956 

00 

2.3676 

02 

1.8506 

01 

3.9996 

00 

2.5346-04 

4.9996-01 

31500 

2.8396 

03 

1.7256 

02 

4. 1156 

00 

2.3816 

02 

1 • 8696 

01 

3.9996 

00 

2.2 776-04 

4.9996-01 

32000 

2.8056 

03 

1.7426 

02 

4.0266 

00 

2.394E 

02 

1.8856 

01 

3.999E 

cc 

2.0476-04 

4.9996-01 

32500 

2.7766 

03 

1-7586 

02 

3.9486 

00 

2.4066 

02 

1.9016 

01 

3.9996 

00 

1. 8476-04 

4. 9996 -01 

33000 

2.7536 

C3 

1.7766 

C2 

3.8766 

00 

2.4196 

02 

1.9196 

01 

3.9996 

00 

1.6666-04 

4. 9996-01 

33500 

2.7226 

03 

1.7926 

02 

3.7976 

00 

2.432E 

02 

1.9356 

01 

3.9996 

00 

1.50 36-04 

4.9996-01 

34000 

2.6966 

03 

1.8086 

02 

3.727E 

00 

2.4446 

02 

1.951E 

01 

3.999E 

00 

1 . 3606-04 

4.9996-01 

345no 

2.6746 

03 

1.8266 

02 

3.663E 

00 

2.4576 

02 

1.9686 

01 

4.0006 

00 

1 .2306-04 

4. 9996-01 

35000 

2.6466 

C3 

1.8426 

02 

3. 5926 

00 

2.4696 

02 

1.9846 

oi 

4.000E 

00 

1.1126-04 

4.9996-01 

35500 

2.6216 

03 

1.8576 

02 

3.5296 

00 

2.481E 

02 

1.9996 

01 

4.0006 

00 

l. 0096-04 

4.999F-01 

36000 

2.6016 

03 

1.8746 

02 

3.4 706 

00 

2.4936 

02 

2.0166 

01 

4.0006 

00 

9. 1466-05 

5.000E-01 

36500 

2.5746 

03 

1.8906 

02 

3.4066 

00 

2.5056 

02 

2.032E 

01 

4.0006 

00 

8.2926-05 

5.0006-01 

3 7QO0 

2.5516 

03 

1.9056 

02 

3.3496 

00 

2.5176 

02 

2.046E 

01 

4.0006 

00 

7.5366-05 

5. 0006-01 

37500 

2.5336 

C3 

1.9226 

02 

3.2966 

00 

2.5296 

02 

2.063E 

01 

4.000E 

00 

6. 8456-05 

5.0006-01 

38000 

2.5086 

03 

1.9376 

02 

3.237E 

00 

2.5416 

02 

2.0786 

01 

4.0006 

00 

6.218E-05 

5.0006-01 

38500 

2.4866 

03 

1.9526 

02 

3.1856 

00 

2.5536 

02 

2.0936 

01 

4 .0006 

00 

5.6626-05 

5.000F-01 

39000 

2.4696 

03 

1.9606 

02 

3.1366 

00 

2. 5646 

02 

2.1106 

01 

4.0006 

00 

5. 1 52F-05 

5.000F-01 

39500 

2.4446 

03 

1.9826 

02 

3.082E 

oc 

2.575E 

02 

2. 1246 

01 

4.0006 

00 

4. 7096-05 

5.000F-01 

40000 
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TABLE II. - Continued. HYDRO DYN A MIC 


(e) Initial pressure, 







Primary 

shock 









Temp er- 

Coir.pres 


Mole fraction 

Pressure 

Dens 1 

ty 

Knthalpy 

Parti cle 

Mach 


ature. 

ibility 



rati o 


ra t i o 


rat I o 


speed 

to 

number. 

t 2 . 

factor 


X N 

X N + 

I'V p i 


Pp/ P 


!‘,>1 


ini tla 

I 

M S 










sound speed. 



°K 











Up/ ap 



20QC 

l.OCGfc 

00 

4. 3266-10 

3.02 16-16 

4.011E 

01 

6. 0176 

CO 

7 . 5 i fofc 

00 

4. 8276 

00 

5.7896 

00 

2500 

i.GCOfc 

00 

1.0806-07 

1.2486-13 

5.2B9E 

01 

6.3476 

00 

9.5816 

00 

5.5886 

00 

6. 6336 

00 

3C0C 

l.OCCfc 

00 

5.1656-06 

i. 0166-11 

6.5766 

01 

6.5756 

00 

1.1666 

01 

6.2636 

00 

7. 386F 

00 

3500 

l.OCGfc 

00 

7.5926-05 

2.5936-10 

7.8726 

01 

6.7476 

00 

1.3756 

01 

6. 876E 

00 

8.0736 

00 

400C 

l.OCGfc. 

00 

5.3416-04 

3.2086-09 

9.1886 

01 

6.8896 

00 

1.58 76 

01 

7.4496 

00 

8.7146 

00 

450C 

i.ocie 

00 

2.7216-03 

2. 8936-08 

1.0576 

02 

7.0366 

00 

l. 0086 

01 

8.0096 

00 

9.336E 

00 

500 C 

1.0056 

00 

9.7836-03 

1 . 646b-Q 7 

1.2116 

02 

7.2286 

00 

2.0526 

01 

8. 5966 

00 

9.9766 

00 

5 50C 

1.0136 

00 

2.6236-02 

8.7646-07 

1.3936 

02 

7.5006 

00 

2. 3406 

01 

9.253E 

00 

1.0686 

01 

6000 

1.0296 

00 

5.6256-02 

3.3156-06 

1.6166 

02 

7.8526 

CO 

2.6866 

01 

i .0006 

01 

1 .1466 

01 

6500 

1.0 5 76 

00 

1.0816-01 

1.1166-05 

1.9016 

02 

8.2586 

00 

3. 1266 

01 

l .0906 

01 

1.2396 

01 

?CCC 

i. 1026 

00 

1.8496-01 

3.3316-05 

2.2536 

02 

8.7626 

00 

3. 6706 

01 

1.1916 

01 

1 . 3456 

Ot 

75CC 

1.1666 

00 

2.8476-01 

8.9616-05 

2.6636 

02 

9.1336 

00 

4. 3046 

01 

1.2996 

01 

t .4596 

hi 

8000 

1.2516 

CO 

4.0076-01 

1.8006-04 

3.1076 

02 

9.3136 

00 

4.9996 

01 

1.4056 

01 

1.5746 

01 

850C 

1.3556 

00 

5.2326-01 

4.2186-04 

3.5626 

02 

9.276E 

00 

5 . 7226 

01 

1 .5056 

01 

l .6R6F 

hi 

sooo 

1.4 7 76 

00 

6.4346-01 

8.9336-04 

3.9976 

02 

9. 0206 

00 

6.4276 

01 

1.5916 

01 

1 . 7906 

01 

95QC 

1.6146 

00 

7. 5586-C1 

1.7376-03 

4.3966 

02 

8.601E 

00 

7. 0956 

01 

1.6646 

01 

1 .8836 

01 

10000 

1. 7476 

00 

8.4606-01 

3.1056-03 

4.7296 

02 

8.1206 

00 

7.6726 

01 

l. 7196 

01 

1.9616 

01 

1050C 

1.8556 

00 

9.0636-01 

5. 134E-03 

4.9826 

02 

7.6746 

00 

8. 1286 

01 

1.7576 

01 

2.0216 

01 

11000 

1.9296 

00 

9.3956-01 

7.9356-03 

5.1726 

02 

7.3126 

00 

8.4836 

01 

1. 784E 

01 

2.0676 

01 

1 150C 

1.9 7 76 

00 

9.5356-01 

1.1596-02 

5.325E 

02 

7. 0276 

CO 

6. 7746 

01 

1 • 8056 

01 

2. 1046 

01 

12000 

2.0C86 

00 

9.5566-01 

1.6176-02 

5.4606 

02 

6.7976 

00 

9 . 0 3 IF 

01 

1 .8226 

01 

2. 1366 

hi 

12500 

2.0326 

00 

9.4966-01 

2.2036-02 

5.5896 

02 

6.6026 

CO 

9. 2786 

01 

1 . 8396 

01 

2. 1676 

hi 

1300C 

2.0536 

CO 

9.3836-01 

2.9186-02 

5. 7196 

02 

6.4286 

00 

9.5246 

01 

1.8566 

01 

2.1976 

01 

1350C 

2.0756 

00 

9.2286-01 

3.7706-02 

5.B51E 

02 

6.2676 

00 

9. 7756 

01 

1.8736 

01 

2.2286 

hi 

140GC 

2.0986 

00 

9.0366-01 

4.7706-02 

5.9876 

02 

6.1156 

00 

1.0036 

02 

1.8906 

01 

2.2596 

01 

1 4 50 C 

2.1256 

00 

8.8096-01 

5.9286-02 

6.1286 

02 

5.9676 

00 

1.0316 

02 

1.90 76 

01 

2.291F 

01 

1 5000 

2. 1566 

CO 

8. 5466-01 

7.2576-02 

6.2756 

02 

5.8226 

00 

1.059E 

02 

1.9256 

01 

2.3246 

01 

15500 

2.1926 

00 

8.2446-01 

8. 7746-02 

6.4286 

02 

5.6766 

00 

1.0686 

02 

1.9436 

01 

2.3596 

01 

1600C 

2.2356 

CO 

7.8996-01 

l .0506-01 

6.5876 

02 

5.5276 

00 

1. 1206 

02 

1.9626 

01 

2. 3956 

01 

16500 

2.2606 

00 

7.5426-01 

1 .2296-01 

6.7 44 E 

02 

5.3786 

00 

l. 1516 

02 

1.9796 

01 

2.4316 

01 

1 7C0C 

2.3316 

00 

7.1596-01 

1.4206-01 

6.9026 

02 

5.2266 

00 

1. 18 36 

02 

1.9956 

01 

2.4676 

01 

1 7500 

2.38 /E 

cc 

6.7556-01 

l . 6226-01 

7.0606 

02 

5.0706 

00 

1.2166 

02 

2.01 16 

01 

2. 5056 

01 

18000 

2.4496 

00 

6. 3356-01 

1.8326-01 

7.2166 

02 

4.9116 

00 

1.2496 

02 

2.0256 

01 

2.5426 

01 

18500 

2.5156 

oc 

5.9056-01 

2.0486-01 

7.3676 

02 

4.7506 

00 

1.2826 

02 

2.0376 

01 

2.5806 

01 

19000 

2.5866 

00 

5.4706-01 

2.2656-01 

7.5126 

02 

4.5686 

00 

1. 3156 

02 

2.0476 

01 

2.6186 

01 

19500 

2.66C6 

00 

5.0366-01 

2.4826— 01 

7.6516 

02 

4.4246 

00 

1.3486 

02 

2.0556 

01 

2.6556 

01 

-£0000 

2.7366 

00 

4.6116-01 

2.6956-01 

7.7806 

02 

4.2636 

00 

1.3B06 

02 

2.0616 

01 

2.6936 

01 

205GC 

2.8176 

00 

4. 1986-01 

2.9016-01 

7.899E 

02 

4.1036 

CO 

1.4126 

02 

2.0646 

01 

2.7306 

01 

21000 

2.6566 

00 

3.8036-01 

3.0996-01 

8.0096 

02 

3.9486 

oc 

1.4426 

02 

2.065E 

01 

2. 7666 

01 

2 150C 

2.9796 

oc 

3.4286-01 

3.2866-01 

8.1086 

02 

3.7586 

CO 

1.471E 

02 

2.0646 

01 

2.802F 

01 

22000 

3.0596 

CO 

3.0776-01 

3.4616-01 

8.1976 

02 

3.654E 

cc 

1.5C06 

02 

2.0616 

01 

2.8376 

01 

2250C 

3.1376 

CO 

2. 7516-01 

3.6256-01 

8.2766 

02 

3.5186 

00 

1.527E 

02 

2.0566 

01 

2.872F 

01 

2300C 

3.2136 

CO 

2.4516-01 

3.7756-01 

8.3466 

02 

3 . 38 86 

00 

1.5526 

02 

2.0496 

01 

2.9066 

01 

2350C 

3.2656 

cc 

2.1766-01 

3.9126-01 

8.4076 

02 

3.2676 

00 

1.577E 

02 

2.0406 

01 

2.9406 

01 

24000 

3.3536 

00 

1.9286-01 

4.0366-01 

8.4626 

02 

3.1546 

CO 

1.6006 

02 

2.031F 

01 

2.9736 

01 

245QC 

3. 4196 

00 

1.7006-01 

4 . 150E-01 

8.5096 

02 

3.0486 

00 

1.6236 

02 

2.0206 

01 

3.006F 

01 

2500C 

3.4796 

00 

1.4966-01 

4.252E-01 

8.5526 

02 

2.9496 

00 

1.6446 

02 

2.0086 

01 

3.0386 

01 

25500 

3.5356 

oc 

1.3156-01 

4.3426-01 

8.5896 

02 

2.8586 

CO 

1.664E 

02 

1.9966 

01 

3.0706 

01 

26000 

3.566E 

00 

1.1566-01 

4.4226-01 

8.6226 

02 

2.7756 

00 

1.6846 

02 

1.9846 

01 

3.1016 

01 

26500 

3.6316 

oc 

1.0166-01 

4.4926-01 

8.6526 

02 

2.6576 

00 

1. 7026 

02 

1.9716 

01 

3.1326 

01 

2 7000 

3.6726 

00 

8.9376-02 

4.5536-01 

8.6796 

02 

2.6266 

00 

l. 7206 

02 

1.9586 

01 

3.1626 

01 

2750C 

3.7C66 

00 

7.875E-02 

4.6066-01 

8.7056 

02 

2.5616 

00 

l. 737E 

02 

1 . 9466 

01 

3.1926 

01 

28000 

3.7406 

oc 

6. 9546-02 

4.6526-01 

8.7296 

02 

2 .5016 

00 

1.7546 

02 

1 . 9336 

01 

3.2216 

01 

ce50C 

3.7686 

00 

6. 1566-02 

4.692 fc-Q l 

8. 7526 

02 

2.4456 

00 

1. 7706 

02 

1.9216 

Oi 

3.2506 

01 

2900C 

3.7536 

00 

5.4656-02 

4.7276-01 

8.7746 

02 

2.3936 

oc 

1.7856 

02 

1.9096 

01 

3.2796 

01 

29500 

3.814E 

00 

4.8666-02 

4.7576-01 

8.7956 

02 

2.345E 

GO 

1.8006 

02 

1.8976 

01 

3.3086 

01 

3G00C 

3.8336 

00 

4. 3466-02 

4.7836-01 

8.8176 

02 

2.300E 

CO 

1.8156 

02 

1.8866 

01 

3.3366 

01 

3G50C 

3.850E 

CO 

3.8946-02 

4.8056-01 

8.8376 

02 

2. 2586 

CO 

1.8306 

02 

1.8746 

01 

3. 3646 

01 

31C0C 

3.8656 

oc 

3.5006-02 

4.8256-01 

8.8586 

02 

2.2186 

00 

1.8446 

02 

1.8636 

01 

3.3926 

01 

31500 

3.8786 

oc 

3.1556-02 

4.8426-01 

8.8796 

02 

2.1816 

00 

1.8586 

02 

1.8526 

01 

3.4216 

hi 

32C0C 

3.8896 

cc 

2.8536-02 

4.857fc-01 

8.8996 

02 

2.1456 

00 

1.872E 

02 

1.8416 

01 

3.4496 

01 

32500 

3 • 8 59fc 

00 

2. 5866-02 

4.6716-01 

8.9206 

02 

2.1126 

00 

1.8866 

02 

l. 830F 

01 

3.4776 

01 

3300C 

J.5C86 

00 

2.3516-02 

4.8826-01 

8.9406 

02 

2.08CE 

CO 

1.8996 

02 

1 . 8206 

01 

3.5056 

01 

33500 

3.5166 

00 

2. 1416-02 

4.8936-01 

8.9606 

02 

2.0496 

00 

1.9136 

02 

1.8096 

01 

3. 5346 

01 

34000 

3.9236 

CO 

1.9546-02 

4.9026-01 

8.9816 

02 

2.0206 

00 

1.9266 

02 

1 . 7996 

01 

3.5626 

01 

34500 

3.5306 

00 

1. 7866-02 

4.91 16-01 

9.0016 

02 

1.9926 

00 

1.9396 

02 

1.7886 

01 

3.5916 

01 

3 5000 

3.5366 

cc 

1.6346-02 

4.9186-01 

9.0226 

02 

1 .9656 

00 

1.9536 

02 

l . 7786 

01 

3.6216 

01 

3550C 

3.4416 

oc 

1.4966-02 

4.9256-01 

9.042E 

02 

1.9396 

00 

1.9666 

02 

l. 7686 

01 

1 3.6506 

01 

36000 

3.9466 

00 

1.3/16-02 

4.9316-01 

9.0636 

02 

1.9146 

00 

1 .9796 

02 

1.7576 

01 

3. 6806 

01 

3650C 

3.9506 

oc 

1.2556-02 

4.9376-01 

9.0836 

02 

1.8906 

00 

1.9926 

02 

1.7476 

01 

3.7106 

01 

3 7 COO 

3.955t 

cc 

1. 1486-02 

4.9436-01 

9.1046 

02 

1.8676 

00 

2.0056 

02 

l. 7376 

01 

3.7416 

oi 

3750C 

3.9586 

cc 

1.0496-02 

4.9486-01 

9.1246 

02 

1.8446 

00 

2.0186 

02 

1 . 7266 

01 

3.7716 

01 

38000 

3.962c 

00 

9. 5666-03 

4. 9 52 £-01 

9.1 44E 

02 

1.8226 

00 

2 . 03 IE 

02 

1.7166 

01 

3.803F 

01 

38 500 

3.9656 

oc 

8. 7016-03 

4.9566-01 

9.1656 

02 

1.8016 

00 

2.0446 

02 

l . 7056 

01 

3.8356 

01 

39000 

3.969c 

oc 

7. 8896-03 

4.96 16-01 

9.1856 

02 

1.780E 

00 

2.0576 

02 

1.6956 

01 

1.8676 

ot 

39500 

3. 9 72t 

00 

7. 125E-03 

4.9646-0 1 

9.2056 

02 

1.7606 

00 

2.0706 

02 

1.6846 

01 

3.9006 

01 

4CC0C 

3.975E 

cc 

6. 3946-03 

4.9686-01 

9.2236 

02 

1.7406 

00 

2.0826 

02 

1.6736 

01 

3.9336 

01 
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SHOCK VARIABLES FOR NITROGEN GAS 
0.1 atmosphere 









Reflected 

shock 






Ratio of 
reflected 
to initial 
shock 
pressure, 
P5/P1 

Reflected 
shock tem- 
perature 
ratio, 
T s /Ti 

Reflected 
shock den- 
si ty ratio, 
Pg/Pl 

Reflected 
shock en- 
thalpy 
ratio, 

V h ! 

Reflected 
shock speed 
to initial 
sound speed, 
u R /ai 

Compress- 

ibility 

factor, 

Z 5 

Mole fraction 

Temper- 

ature, 

T 2 

°K 

X N 

X N+ . 

3. 041E 

02 

1.2976 

01 

2.3446 

01 

1.5406 

01 

1.6706 

00 

1.00CE 

00 

1. 9826-04 

5.701F-10 

20^0 

4.2116 

02 

1.6386 

01 

2.5666 

01 

1.9906 

01 

1*8376 

00 

1.0026 

00 

4.24 76-03 

3. 8406-08 

2500 

5.3766 

02 

1.9106 

01 

2.7866 

01 

2.41 it 

01 

1.9366 

00 

1.0106 

00 

2.0316-0? 

4.648E-07 

3000 

6.5376 

02 

2.1166 

01 

3.0156 

01 

2.7986 

01 

1.9856 

00 

1.0256 

00 

4.8276-02 

2.2106-06 

3500 

7.7 ICE 

02 

2.2746 

01 

3.2476 

01 

3.1576 

01 

2.0096 

00 

1.0446 

00 

8.4396-02 

6.5336-06 

4000 

8.9646 

02 

2.4096 

01 

3.4856 

01 

3.508E 

01 

2.0276 

00 

1.0676 

00 

1.2596-01 

1.5176-05 

4500 

1.0466 

03 

2.5376 

01 

3.766E 

01 

3.8756 

01 

2.0466 

00 

1.0956 

00 

1.7396-01 

3. 1856-05 

5000 

1.24CE 

03 

2.6726 

01 

4. 1036 

01 

4.2906 

01 

2.0756 

00 

1.1316 

00 

2.3156-01 

5.343E-05 

5500 

1.494E 

03 

2.8206 

01 

4.5046 

01 

4. 7726 

01 

2.1176 

00 

1.1776 

00 

2.9986-01 

1. 1236-04 

6000 ' 

1.6466 

03 

2. 9906 

01 

4.9816 

01 

5.3536 

01 

2.1846 

00 

1.2356 

00 

3. 8566-01 

2.4126-04 

6500 

2.2986 

03 

3.1716 

01 

5.470E 

01 

6.0156 

01 

2.2786 

00 

1.3256 

00 

4.8916-01 

5.0076-04 

7000 

2.8226 

03 

3.3586 

01 

5.8536 

01 

6.7206 

01 

2.4076 

00 

1.4366 

00 

6,0406-01 

9. 7816-04 

7500 

3.3536 

03 

3.5546 

01 

6.0106 

01 

7.4246 

01 

2.5806 

00 

1.5706 

00 

7.2066-01 

1.8036-03 

8000 

3.8406 

03 

3.7706 

01 

5.911E 

01 

8. 1096 

01 

2 .8056 

00 

1.7236 

00 

8.2976-01 

3. 2356-03 

8500 

4.2146 

03 

4.0506 

01 

5.5286 

01 

8.7876 

01 

3.1056 

00 

1.8826 

00 

9. 1916-01 

6.0926-03 

9000 

4.4926 

03 

4.5816 

01 

4. 8736 

01 

9.6296 

01 

3.5776 

00 

2.0126 

00 

9.5886-01 

1.5756-0? 

9500 

4.6466 

03 

5.3296 

01 

4.1776 

01 

1.063E 

02 

4.1596 

00 

2.0876 

00 

9. 1476-01 

4.2356-02 

10000 

4.6786 

03 

5.84C6 

01 

3.7206 

01 

1.1366 

02 

4.5776 

00 

2. 1546 

00 

8.5716-01 

7. 1436-02 

10500 

4.6646 

03 

6.1606 

01 

3.4276 

01 

1.186E 

02 

4.8536 

00 

2.2096 

00 

8.1056-01 

9.4756-0? 

1 1000 

4.6336 

03 

6.3696 

01 

3.2286 

01 

1.2206 

02 

5. 0376 

00 

2.2536 

00 

7.7516-01 

1.1246-01 

11500 

4.6016 

03 

6.5416 

01 

3.0706 

01 

i . 2476 

02 

5.1876 

00 

2. 2916 

00 

7.4636-01 

1.2696-01 

12000 

4.5866 

C3 

6.6716 

01 

2.9576 

01 

1.2706 

02 

5.2986 

00 

2.324E 

00 

7.2086-01 

1 . 3966-01 

12500 

4.5776 

03 

6.8086 

01 

2. 8506 

01 

1.292E 

02 

5.4186 

00 

2.359E 

00 

6. 9596-01 

1.5206-01 

1 3000 

4.5736 

03 

6.9396 

01 

2. 7536 

01 

1.3136 

02 

5.5366 

00 

2.3946 

00 

6.7096-01 

I . 645 E -01 

13500 

4.5686 

03 

7. 0656 

01 

2.6596 

01 

1.3366 

02 

5.6526 

00 

2.4316 

00 

6.4516-01 

l. 7746-01 

14000 

4.5716 

03 

7.2116 

01 

2.5636 

01 

1 • 3596 

02 

5.7936 

00 

2.4736 

00 

6.177E-01 

1.91 L6-01 

14500 

4.5766 

03 

7.3576 

01 

2.4716 

01 

1.3836 

02 

5.9406 

00 

2.5176 

00 

5. 889E-0 1 

2. 055E-01 

15000 

4.5826 

03 

7.5126 

01 

2. 3766 

01 

1 • 4096 

02 

6.1056 

00 

2.5676 

00 

5 . 5836-01 

2.209E-01 

15500 

4.5866 

03 

7.6806 

01 

2.2786 

01 

1.4366 

02 

6.2916 

00 

2.6226 

00 

5.256E-01 

2.3726-01 

16000 

4.5846 

03 

7.8486 

01 

2.180E 

01 

1.4636 

02 

6.4866 

00 

2.6806 

00 

4.9276-01 

2.5366-01 

16500 

4.579E 

03 

8.0186 

01 

2. 0836 

01 

1.4916 

02 

6.6946 

00 

2.7426 

00 

4. 5906-01 

2.705E-01 

17000 

4.5596 

C3 

8.2006 

01 

1.9806 

01 

1.5206 

02 

6.9266 

00 

2.8086 

00 

4. 244E-01 

?. 8786-01 

17600 

4.5336 

03 

6.3846 

01 

1.878E 

01 

1.549E 

02 

7.173E 

00 

2.8796 

00 

3. 8946-01 

3.0536-01 

1ROOO 

4.4986 

03 

8.5746 

01 

1.7766 

01 

1.5786 

02 

7.4396 

00 

2.9536 

00 

3.545E-01 

3.228E-01 

1 8500 

4.4526 

03 

6.7716 

oi 

1.6756 

01 

1.608E 

02 

7.723E 

00 

3.030E 

00 

3.2006-01 

3.4006-01 

19000 

4.3976 

03 

8. 9756 

01 

1.5756 

01 

1.6386 

02 

8.0266 

00 

3 . 1 ICE 

00 

2. 8636-01 

3. 5686-01 

19500 

4.3336 

03 

9.1876 

01 

1.479E 

01 

1.6676 

02 

8.3476 

00 

3.1906 

00 

2.5406-01 

3.7306-01 

20000 

4.2616 

03 

9. 407E 

01 

1.3856 

01 

1.6976 

02 

8.6856 

00 

3.2706 

00 

2.2346-01 

3.8836-01 

20500 

4.1846 

03 

9.6396 

01 

1.2966 

01 

1.7266 

02 

9.0416 

00 

3.3496 

00 

1.9466-01 

4. 0276-01 

21000 

4.1056 

03 

9.878E 

01 

1.2136 

01 

1.7566 

02 

9.4096 

00 

3.4256 

00 

l . 680E-01 

4.160E-01 

? 1 500 

4.0216 

03 

1.0146 

02 

1.1336 

01 

1.7866 

02 

9.806E 

00 

3.4986 

00 

l * 436E-01 

4.282F-01 

22000 

3.9376 

03 

1.0426 

02 

1-0596 

01 

1.8166 

02 

1.0226 

01 

3.5666 

00 

l. 2176-01 

4. 392E-01 

22500 

3.854E 

03 

1.0726 

02 

9.9086 

00 

1.8466 

02 

1.0646 

01 

3.6296 

00 

1.0236-01 

4. 4896-01 

23000 

3.7746 

03 

1.1046 

02 

9.2796 

00 

1.8776 

02 

1.1096 

01 

3.6866 

00 

8.5336-02 

4.5736-01 

23500 

3.7046 

03 

1.1386 

02 

8.7176 

00 

1.9086 

02 

1.155E 

01 

3.7356 

00 

7.0826-02 

4.6466-01 

24000 

3.6296 

03 

1.1736 

02 

8.1856 

00 

1.9406 

02 

1.2016 

01 

3.7806 

00 

5. 828E-02 

4. 7096-01 

2450O 

3.5576 

03 

1.2096 

02 

7.7046 

00 

1.9726 

02 

1.2496 

01 

3.0186 

00 

4. 7696-02 

4. 762E-01 

25000 

3.4886 

C3 

1.2456 

02 

7.2796 

00 

2. 0036 

02 

1.2946 

01 

3.8506 

00 

3.8856-02 

4. 8066-01 

25500 

3.4176 

C3 

1.2826 

02 

6.872E 

00 

2.0346 

02 

1.3416 

01 

3.8796 

00 

3. 1286-02 

4. 844E-01 

26000 

3.3626 

03 

1.3166 

02 

6.545E 

00 

2. 0636 

02 

1.3846 

01 

3. 9026 

00 

2.5066-02 

4.8756-01 

26500 

3.3056 

03 

1.3526 

02 

6.2336 

00 

2.0926 

02 

1.4286 

01 

3.9216 

00 

2.0046-02 

4.9006-01 

2 7000 

3.2456 

03 

1.3686 

02 

5. 9396 

00 

2.1206 

02 

1.471E 

01 

3.9366 

00 

1.6286-02 

4.9196-01 

27500 

3.1966 

03 

1.4236 

02 

5.6946 

00 

2.1476 

02 

1.5116 

01 

3.9476 

00 

1 . 334E-02 

4.9336-01 

28000 

3.1496 

03 

1.4566 

02 

5.468E 

00 

2. 1736 

02 

1.5496 

01 

3.9576 

00 

1 * 099E-02 

4.9456-01 

28500 

3.1066 

03 

1.4876 

02 

5.2686 

00 

2.1986 

02 

1.5866 

01 

3.9646 

00 

9. 1316-03 

4.9546-01 

29000 

3.0646 

03 

1.5186 

02 

5.0876 

00 

2.2216 

02 

1.6206 

01 

3.9706 

00 

7.6416-03 

4.9626-01 

29500 

3.0236 

C3 

1.5466 

02 

4.919E 

00 

2.243k 

02 

1.6526 

01 

3.9746 

00 

6.439E-03 

4.9686-01 

30000 

2.9866 

03 

1.5746 

02 

4.768E 

00 

2.265t 

02 

l .6836 

01 

3.9786 

00 

5. 4686-03 

4.9736-01 

30500 

2.9496 

03 

1.6006 

02 

4.6296 

00 

2.2856 

02 

1.7126 

01 

3.9816 

00 

4.6746-03 

4. 977E-01 

310OO 

2.9146 

03 

1.6266 

02 

4.5006 

00 

2.304E 

02 

1.740E 

01 

3.9846 

00 

4.0206-03 

4. 980E-01 

31500 

2. 8816 

03 

1.6486 

02 

4.3866 

00 

2.3226 

02 

1.7636 

01 

3.9866 

00 

3.489E-03 

4. 9836-01 

32000 

2.8496 

03 

1.6726 

02 

4.2 736 

00 

2.3406 

02 

1.7896 

01 

3.9086 

00 

3.0316-03 

4.9856-01 

32500 

2.8186 

03 

1.6956 

02 

4.1676 

00 

2. 3586 

02 

1.8156 

01 

3. 9896 

00 

2.6436-03 

4. 9876-01 

33000 

2.7836 

03 

1.7176 

02 

4.0616 

00 

2. 3746 

02 

1.8386 

01 

3.9916 

00 

2. 31 36-03 

4. 9886-01 

33500 

2.7576 

03 

1.7386 

02 

3.9746 

00 

2.3916 

02 

1.8606 

01 

3.9926 

00 

2 . 040E-03 

4. 9906-01 

34^00 

2.7326 

03 

1.7606 

02 

3.8896 

00 

2.4076 

02 

1.8836 

01 

3. 9936 

00 

1 • 800E-03 

4.9916-01 

34500 

2.7016 

03 

1.7796 

02 

3.8016 

00 

2.4226 

02 

1.9046 

01 

3.9946 

00 

1 • 5926-03 

4.9926-01 

35000 

2.6726 

03 

1.8006 

02 

3.7166 

00 

2.4376 

02 

1.9266 

01 

3.9946 

00 

1.4106-03 

4.9936-01 

35500 

2.648t 

C3 

1.8196 

02 

3.644E 

00 

2.4526 

02 

1.9456 

01 

3.9956 

00 

1.2566-03 

4.994F-01 

36000 

2.6266 

03 

1.8386 

02 

3. 5766 

00 

2 . 466 E 

02 

1.965E 

01 

3.9966 

00 

1 .1206-03 

4.9946-01 

36500 

2.5976 

03 

1.8576 

02 

3.5006 

00 

2.4806 

02 

1.9856 

01 

3.9966 

00 

9.9906-04 

4.9956-01 

37000 

2.5696 

03 

1.8756 

02 

3.4286 

00 

2.4946 

02 

2.0046 

01 

3.996E 

00 

8.923E-04 

4.996F-01 

37500 

2.5496 

03 

1.8946 

02 

3.3686 

00 

2.5086 

02 

2.0236 

01 

3. 9976 

00 

7.9996-04 

4. 9966 -01 

38000 

2.5286 

03 

1.9156 

02 

3.3036 

00 

2.5236 

02 

2. 0466 

01 

3.9976 

00 

7. 1396-04 

4.9966-01 

38500 

2.5016 

03 

1.9306 

02 

3.2416 

00 

2.5366 

02 

2.0616 

01 

3.9976 

00 

6.426F-04 

4.9976-01 

39000 

2. 4816 

03 

1.9476 

02 

3.1876 

00 

2.5496 

02 

2.0796 

01 

3.9986 

00 

5. 788E-04 

4.9976-01 

39 500 

2.4596 

03 

1.9676 

02 

3.1286 

00 

2.5626 

02 

2.1006 

01 

3.9986 

00 

5.2126-04 

4.9976-01 

40000 
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TABLE II. - Concluded. 


HYDRODYNAMIC 


(f) Initial 







Primary 

shock 







Temper- 

ature, 

t 2 , 

°K 

Ccrxress- 
ibJIi ty 
factor, 
Z P 

Mcle f 
X N 

ruction 

ratio, 

P 2 /P! 

Dens.I 
ra t i 
Pg/P 

ty 

0 , 

1 

Knti.ali y 
ratio. 

Particle 
speed to 
initial 
sound speed, 
U 2 /ai 

200C 

l.CCCfc 

CO 

1. 3686-1 0 

3.0216-17 

4.0116 

01 

6.01 7E 

00 

7 . 5 l 6E 

00 

*♦.82 76 

00 

2500 

l.GCOt 

uo 

3.41 76-08 

1 -248t- 1 4 

5.2896 

01 

6.347E 

00 

9. 58 IF 

00 

5.5886 

00 

300C 

i.QCQfc 

00 

1.6336-06 

1.0166-12 

6.575E 

01 

6.575E 

00 

1.166E 

01 

6.2626 

00 

3500 

l.OCOt 

€0 

2.4016-05 

2.5936-11 

7.870E 

01 

6. 7466 

00 

1. 375F 

01 

6.8756 

00 

4000 

i.OCOE 

00 

1.690E-04 

3.2116-10 

9.1766 

01 

6 .8826 

00 

1.585E 

Oi 

7.4446 

00 

4 5QC 

l.OCOt 

00 

8.6406-04 

2.9156-09 

U051E 

02 

7.0026 

00 

1. 799E 

01 

7.9836 

00 

5000 

1.0026 

CO 

3. 1 316-03 

1.8856-08 

1.1906 

02 

7.126F 

00 

2.022E 

OI 

8. 51 IF 

00 

550C 

1 . 0C4F 

CO 

8.5406-03 

9.2046-08 

1.3396 

02 

7.27C6 

00 

2.2596 

01 

9. 04 7F 

00 

600C 

1.CC9E 

00 

1.8816-02 

3.6346-07 

1.502E 

02 

7.4426 

00 

2.519E 

01 

9. 6066 

00 

6500 

i.C19t 

00 

3. 7656-02 

1.3026-06 

1.6916 

02 

7.66CE 

00 

2.8166 

01 

1.0226 

01 

7000 

1.035E 

00 

6. 7676-02 

4.1946-06 

1.9126 

02 

7.918E 

00 

3. 1616 

01 

1.0906 

01 

7 5CC 

i.C55t 

00 

1.1126-01 

1.2266-05 

2.1696 

02 

8.192E 

CO 

3.5606 

01 

1.1636 

01 

8000 

1 .052 1 

00 

1.6796-01 

2.6806-05 

2. 4596 

02 

8.4466 

00 

4.0136 

01 

1 . 2426 

01 

6500 

1.135k 

00 

2.3696-01 

6.8236-05 

2.7896 

02 

8.675E 

CO 

4.5276 

01 

1.325F 

01 

9000 

1.1506 

00 

3.1826-01 

1.5746-04 

3.1466 

02 

8.8166 

00 

5.088F 

01 

1.409E 

01 

5500 

1.2636 

00 

4.1576-01 

3.3646-04 

3.5386 

02 

8. 8456 

00 

5. 7106 

01 

1.4956 

01 

ioooo 

l. 358t 

00 

5.2566-01 

6.6606-04 

3. 9506 

02 

8.7236 

00 

6.373E 

01 

l .5786 

01 

10500 

1.4746 

00 

6.3916-01 

1.2216-03 

4.3516 

02 

8.4366 

00 

7. 0366 

01 

1 . 6536 

01 

nooc 

1 . 60 16 

00 

7.4466-01 

2.0726-03 

4.7136 

02 

8. 0286 

CO 

7.655F 

01 

1.7156 

01 

1150C 

l. 725t 

00 

8. 310E-01 

3.2676-03 

5.0126 

02 

7. 5786 

00 

8. 1896 

01 

I.761F 

01 

1200C 

1.8306 

00 

8.9256-01 

4.8186-03 

5.2446 

02 

7. 1656 

OC 

8 . 62 IE 

01 

1.7946 

01 

1250C 

1 • 90 66 

00 

9.3036-01 

6.8246-03 

5.4226 

02 

6.8276 

00 

8. 9656 

01 

1.817F 

01 

1300C 

1.9576 

00 

9.5046-01 

9.2816-03 

5.5656 

02 

6.561E 

00 

9. 2466 

01 

1.8346 

01 

13500 

1.951k 

00 

9.5866-01 

1.2236-02 

5.6896 

02 

6.3506 

00 

9.490E 

01 

1.8496 

01 

14000 

2.012k 

00 

9.5876-01 

1.5716-02 

5.801E 

02 

6.1796 

00 

9.7126 

01 

1.8626 

01 

1450C 

2.0306 

00 

9.551E-01 

1.9836-02 

5.9116 

02 

6.0256 

cc 

9.9296 

01 

1.875F 

01 

15000 

2. 045t 

00 

9.4806-01 

2.4656-02 

6.020E 

02 

5.888E 

00 

1.014E 

02 

1.8886 

01 

15500 

2.0596 

CO 

9. 3806-01 

3. Q29fc-02 

6.1296 

02 

5.7616 

00 

1.0366 

02 

1.9016 

01 

16000 

2.075k 

CO 

9.2546-01 

3.6926-02 

6. 2426 

02 

5.64CE 

00 

1.058E 

02 

1.914F 

01 

16500 

2.0916 

00 

9. 1166-01 

4.4006-02 

6.3546 

02 

5. 5246 

00 

1.080E 

02 

1.9266 

01 

nooc 

2.1096 

OC 

8. 9606-01 

5.1906-02 

6.4686 

02 

5.4126 

00 

i. 103E 

02 

1.9396 

Ol 

1 750C 

2. 129k 

00 

8. 7876-01 

6.0596-02 

6.5836 

02 

5.3026 

00 

1. 1266 

02 

1.952F 

01 

16000 

2. 1516 

OC 

8. 5986-01 

7.0056-02 

6.7006 

02 

5.193E 

00 

l. 15UE 

02 

1 .9646 

01 

16500 

2.1746 

00 

8. 3956-01 

8.0256-02 

6.8186 

02 

5.0856 

00 

1. 1 746 

02 

l . 9 766 

Ol 

15000 

2. 2016 

00 

8.1776-01 

9.1146-02 

6.9366 

02 

4.9776 

00 

1. 1986 

02 

1.9886 

Ol 

19500 

2.2296 

OC 

7.9476-01 

1.0266-01 

7.0546 

02 

4.869E 

00 

1.22 3E 

02 

2. 0006 

01 

20000 

2.259k 

CO 

7. 7066-01 

1.1476-01 

7.1716 

02 

4 .76 1 E 

00 

1.2486 

02 

2.0106 

0! 

2050C 

2.292k 

OC 

7.4556-01 

1.2736-01 

7.2876 

02 

4.653E 

CO 

l . 2 7 36 

02 

2.0206 

Ol 

21000 

2.3266 

00 

7. 1966-01 

1.4026-01 

7.4016 

02 

4.545E 

00 

1.298E 

02 

2.0296 

01 

2150C 

2.3636 

CO 

6. 9316-01 

1.5356-01 

7.5136 

02 

4. 4386 

CO 

1. 3236 

02 

2. 0386 

01 

22000 

2.4C16 

00 

6.6596-01 

1.6706-01 

7.6246 

02 

4.3306 

00 

1. 3496 

02 

2.0456 

Ol 

2250C 

2.4416 

OC 

6.3856-01 

1.8076-01 

7.7326 

02 

4 .2236 

00 

1. 3746 

02 

2.0526 

01 

2300C 

2. 4836 

00 

6. 1096-01 

1 .9466-01 

7.8366 

02 

4.116E 

00 

1. 400E 

02 

2.0576 

Ol 

2350C 

2. 52 76 

OC 

5.8316-01 

2.0846-01 

7.9386 

02 

4.011E 

00 

1 . 42 56 

02 

2.0626 

01 

24000 

2.5726 

00 

5.5546-01 

2.2236-01 

8.0366 

02 

3.906E 

00 

1 A50E 

02 

2.065E 

Ol 

2 4 50C 

2.6196 

00 

5.2726-01 

2.3646-01 

8.1306 

02 

3. 801E 

00 

1.4756 

02 

2.067F 

01 

2 5000 

2.668k 

OC 

4.991 E -0 1 

2.5056-01 

8.2216 

02 

3.697E 

00 

1.500E 

02 

2.0686 

01 

2550C 

2.7196 

00 

4.7136-01 

2.6436-01 

8.307E 

02 

3.5956 

00 

1.525E 

02 

2.0686 

Ol 

2600C 

2.770b 

00 

4.4416-01 

2.7796-01 

8.3886 

02 

3.494E 

00 

1.549E 

02 

2. 0676 

Ol 

2650C 

2.8226 

00 

4.1766-01 

2.9126-01 

8.465E 

02 

3.396E 

00 

1.5736 

02 

2.0646 

Ol 

27Q0C 

2.8746 

00 

3.9196-01 

3.0406-01 

8.5366 

02 

3.301E 

00 

1. 597E 

02 

2. 060E 

01 

27500 

2.9266 

00 

3. 6726-01 

3.1646-01 

8.6036 

02 

3.20EE 

00 

1 . 6206 

02 

2.0556 

01 

26000 

2.977k 

00 

3.4366-01 

3. 2826-01 

8.6646 

02 

3.U8E 

00 

1.64 36 

02 

2.0496 

Ol 

2850C 

3.028k 

00 

3.21 IE-01 

3.3946-01 

8.7216 

02 

3.0326 

00 

1.665E 

02 

2.042E 

Ol 

29000 

3.C77t 

00 

2.9986-01 

3.5016-01 

8.7746 

02 

2.949E 

00 

1 .6866 

02 

2. 0346 

01 

2950C 

3. i 26 1 

00 

2.7986-01 

3.6016-01 

8.8226 

02 

2.8706 

00 

1.7076 

02 

2. 0256 

01 

30000 

3. 172k 

00 

2. 6096-01 

3. 695k-0 1 

0.8666 

02 

2.795E 

00 

1.7286 

02 

2.016E 

01 

3C50C 

3.2176 

OC 

2.4336-01 

3. 7836-01 

8.9076 

02 

2.723E 

00 

1. 7406 

0? 

2.005E 

Ol 

3 1000 

3.2606 

00 

2.2686-01 

3. BO66-01 

8.9456 

02 

2.655E 

00 

1. 7676 

02 

1.9956 

01 

31500 

3.3026 

00 

2. 1156-01 

3.9426-01 

8.9796 

02 

2.59CE 

00 

1. 786E 

02 

1.9836 

01 

3200C 

3.341k 

00 

1.9726-01 

4.0146-01 

9.012E 

02 

2.5296 

00 

1. 8056 

02 

1.9726 

01 

3250C 

3. 3 786 

OC 

1.8406-01 

4.0806-01 

9.0416 

02 

2.4706 

00 

1.8226 

02 

1.9596 

01 

3300C 

3.4 I4t 

OC 

1.7166-01 

4.1426-01 

9.0696 

02 

2.415E 

00 

1.8406 

0? 

1.9476 

Ol 

33500 

3.4486 

00 

1.6016-01 

4.1996-01 

9.0966 

02 

2.3626 

00 

1.8576 

0? 

1 . 9356 

01 

34000 

3.480k 

00 

1.4946-01 

4.2536-01 

9.1206 

02 

2.3126 

00 

1.874E 

02 

1.922F 

01 

3450C 

3.5llk 

00 

1. 1936-01 

4.3036-01 

9. 1446 

02 

2 .2656 

00 

1 . 89 IE 

02 

1.9096 

Ol 

3500C 

3.5406 

00 

1.2996-01 

4.3506-01 

9.1666 

02 

2.2196 

00 

1.9076 

02 

1.8966 

01 

3550C 

3. 568t 

00 

1.2116-01 

4. 3956-01 

9. 1886 

02 

2.1766 

00 

1.9246 

02 

1 . 8B2E 

01 

36000 

3.595t 

OC 

1.1276-01 

4.4366-01 

9.208E 

02 

2.1356 

00 

1.9406 

02 

1.8696 

01 

36500 

3.6216 

00 

1.0486-01 

4.476t-01 

9.2286 

02 

2.095E 

00 

1.955E 

02 

1 .8556 

Ol 

3 7000 

3.6456 

OC 

9. 7266-02 

4.5146-01 

9.2466 

02 

2.0576 

cc 

1 . 97 IE 

0? 

1.841F 

01 

37500 

3.669k 

00 

9.0076-02 

4.550t-01 

9.2646 

02 

2.020F 

00 

1.9876 

0? 

1.827F 

01 

380QG 

3.6936 

00 

8.3206-02 

4.5B4t-01 

9.281E 

02 

1.9846 

CO 

2.0026 

02 

1.812F 

01 

38500 

3. 7 1 5k 

00 

7.6606-02 

4.6176-01 

9.2986 

02 

1.9506 

CO 

2.0176 

02 

1.798F 

01 

35000 

3. 7376 

OC 

7.02 56-02 

4.6496-01 

9.3136 

02 

1 .9176 

00 

2.0326 

02 

1.783F 

01 

35500 

3. 759t 

CO 

6.4 146-02 

4.6?9t-01 

9.3286 

02 

1.8856 

00 

2.04 76 

02 

1 . 7686 

01 

4C00C 

3. 7806 

cc 

5.8186-02 

4.7096-01 

9 . 3406 

02 

1.8536 

CO 

2.062F 

02 

1. 752F 

Ol 


pressure. 


Mach 

number. 


5. f 896 00 
6 • 63 3F 00 
7.3P6E 00 
8.0726 00 
8.709F 00 
9.313E 00 
9.900E 00 
1.049F 01 

l.UOE 01 
1.1756 01 
1.2476 01 
1.3256 01 
1.4096 01 
1 . 498E 01 

1. bpoe oi 

1.686F 01 
1.7B3F 01 
1.876F 01 
1.959E 01 
2.0296 01 
2. 0846 01 
2.128F 01 
2.164F 01 
2.1946 01 
2.2216 01 
2.248F 01 
2.274F 01 
2.300F 01 
2.326F 01 
2.3526 01 
2.379F 01 
2.406F 01 
2.433F 01 
2.460F 01 
2.4B8F 01 
2.516E 01 
2.5456 01 
2.573E 01 
2.602F 01 
2.630C 01 
2.6596 01 
2.6886 01 
2.717F 01 
2.74 76 01 
2.776F 01 

2. P06F 01 
2.835F 01 
2.865F 01 
2.895F 01 
2.926E 01 
2.956F 01 
2.986F 01 
3.017F 01 
3.047F 01 
3.0776 01 
3.108E 01 
3. 1 39E 01 
3.169E 01 
3.2006 01 
3.230F 01 
3.261F 01 
3.292F 01 

3. 323E 01 
3. 3556 01 
3. 386F 01 
3 . 4 1 BF 01 
3.450F 01 
3.483F 01 
3.516F 01 
3.549F 01 
3.584F 01 
3.618F 01 
3. 654F Ol 
3.690E 01 
3.727E 01 
3.765F 01 
3.80SF 01 
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SHOCK VARIABLES FOR NITROGEN GAS 


1 atmosphere 


Reflected shock 


Ratio of 
reflected 
to initial 
shock 
pressure, 
p 5 /pi 

Reflected 
shock tem- 
perature 
ratio, 

V T i 

Reflected 
shock den- 
sity ratio, 
p s /pi 

Reflected 
shock en- 
thalpy 
ratio, 

h 5 /hi 

Reflected 
shock speed 
to initial 
sound speed, 
U R /ai 

Compress- 

Mole fraction 

Temper 
a turn, 

To, 

°K 

ibility 

factor, 

Z 5 

X N 

X N + 

3.041E 02 

1.2986 01 

2.3426 01 

1.5406 01 

1.6716 00 

1.0006 00 

6.3246-05 

5.7686-11 

2000 

4.221E 02 

1.6536 01 

2.5526 Cl 

1.9966 01 

1.8526 00 

l.OOlf 00 

1 .4986-03 

4.5? RE -09 

2500 

5.4106 02 

1.9706 01 

2.7346 01 

2.437E 01 

1.9866 00 

1.0046 00 

8.7316-03 

7.979F-08 

3000 

6.5936 02 

2.2386 01 
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Figure 4. - Compressibility factor behind primary shock wave as function of primary shock 
Mach number. 
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Figure 5. - Ratio of velocity behind primary shock wave to initial velocity of sound as function of primary 
shock Mach number. 
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(a) Nitrogen. 

Figure 6. - Denalt.v ratio across primary shock wave as function of primary shock Mach num 
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(a) Nitrogen. 


Figure 7. - Ratio of reflected shock temperature to temperature ahead of primary shock wave 
as function of primary shock Mach number. 
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10. - Ratio of reflected shock speed to initial velocity of sound as function of primary shock Mach 
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Figure 10. - Concluded. 





Figure 11. - Concluded 
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